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My invention relates to transmissions and conirols
therefor which are particularly suited for use in auto-
motive vehicles.

It is an object of my invention to provide an improved
transmission gear set which provides four forward speed
ratics and at least one speed ratio in reverse drive and
which is simple in construction and economical of manu-
facture.

It is another object of the invention to provide an im-
proved transmission control, and more particularly -it
is an object to provide an improved control arrangement
by means of which the transmission may be started by
engagement of a friction brake. It is contemplated that
the brake shall be effective on a reaction element of a
planetary gear set in the transmission, so that engagement
of the brake completes a power train.

1t is also an object to control engagement of the brake
for starting the vehicle by means of a control arrangement
subject to the speed of the drive shaft, and to this end
the brake may be engaged by fluid pressure controlied
by a centrifugal valve driven by the drive shaft. It is also
another object of the invention to alternatively control
the engagement of said brake for starting the vehicle by
means of a hydraulic orifice which operates to provide
an engagement quite similar to the centrifugal mechanism
just mentioned.

It is an object of the invention to provide other friction
éngaging elements for changing the ratio of the trans-
mission from. its starting ratio to its higher speed ratios.
It is also an object to engage these friction elements by
hydraulic pressure and to provide shiftable members, par-
ticularly valves, for controlling the friction engaging
elements. It is an object to control movement of the
valves in accordance with the pressure in the vehicle
engine air intake manifold and also in accordance with
the speed of the driven: shaft so that driven shaft speed
and engine torgue jointly control change of ratio of the
transmission into its higher speed ratios. It is contem-
plated that the shiftable valves may be acted on by fluid
pressure varying with the engine manifold pressure, and
the control mechanism for varying the fluid pressure in
accordance with engine manifold pressure may be a fluid
pressure control valve connected with the engine manj-
fold. The valves in order to be shifted in accordance
with driven shaft speed may be acted on by a fluid pressure
that varies with this speed, and hydraulic governor means
driven in accordance with the driven shaft speed may be
utilized for providing this fluid pressure.

It is an object of the invention to provide a common
fluid circuit having pressure therein which varies in accord-
ance with the speed of the driving shaft of the trans-
mission at low vehicle speeds and varies in accordance
with the output torque of the vehicle engine in the higher
driving speeds of the vehicle and which circuit is. con-
nected to have the following three functions; to engage
the starting friction engaging means of the transmission
in accordance with the driving shaft speed in the vehicle
starting speed range; to actuate the shiftable valves for

2

the transmission control means in accordance with the
engine torque in the driving speed range of the vehicle; and
to engage the friction engaging elements operating the
transmission above the low speed ratio with a pressure
that varies in accordance with the engine torque. It is
contemplated that the centrifugal valve and the manifold

- connected valve just mentioned may be both connected
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with the common fluid circuit for controlling the pressure
therein in this manner.

It.is a further object of the invention to provide an im-
proved gear set which comprises two gear sets connected
in tandem whereby four forward speed ratios are obtain-
able, and it is an object to so control these gear sets
by a shiftable member, in particular a. valve, for each
of them. The valves preferably have a fluid pressure that
varies with the engine output torque impressed on them
for moving them in one direction and have a fluid pressure
that varies with the driven shaft speed for urging them
in the opposite direction for shifting the transmission
either to higher or lower speed ratios as the case may be.
The fluid pressure that varies with the driven shaft speed
may be two different pressures, each controlled by a dif-
ferent hydraulic governor, and it is an object of the
invention to connect one of the governors with one of
the valves and the other governor with the other of the
valves, with the arrangement being such that the former
governor is also connectible to shift the latter valve after
two changes in ratio have been made by the valves thereby
making a final and third change in ratio.

It is a further object of the invention to control the fluid
pressure output of the driven shaft governor in accordance
with the accelerator position for decreasing the governor
pressure applied to the shiftable valves for changing the
driving ratio inio the two higher forward speed ratios
and for reducing this pressure when the accelerator is
moved to a fully opened throttle kickdown position where-
by the transmission is downshifted out of its two highest
ratios on such movement of the accelerator. It is a
further object to provide such valving in connection with
the -output of this governor so that a change of ratio into
the highest of the four speed ratios of the transmission
is inhibited when the accelerator is moved to this position.

It is another object of the invention to provide a limit-
ing mechanism for limiting the decrease of fluid pressure
which can be caused by a decrease in pressure within the
vehicle manifold so that the friction engaging elements
in the transmission do not decrease in engagement to a
slipping condition when the vehicle accelerator is com-
pletely released and the vehicle is descending a hill, for
example. It is also an object to provide means for tem-
porarily decreasing the fluid pressure available for engag-
ing -the friction engaging elements of the-transmission
when the valves shift to change the speed ratio of the
transmission. It is also an object to provide a valve
mechanism under the control of the vehicle operator for
selectively overruling the action of the centrifugal valve
mechanism for causing the engagement -of the friction en-
gaging means for starting the vehicle at a higher engine
speed than would otherwise be the case to provide for
better operation in cold weather of the vehicle.

It is another object of the invention to so proportion
the shiftable valves that they require considerably lower
values of driven shaft speed for causing an increase. of
the transmission ratio than for causing a reduction there-
of, assuming that the torque of the vehicle engine is con-
stant. - It is also another object of the invention to pro-
vide a fluid pump driven by the driven shaft as well as
one driven by the drive shaft for providing a source of
fluid pressure for operating the transmission, and in this
connection it is an object to provide improved pressure
regulating means which functions to maintain the pres-
sure constant regardless of the rate of flow from either
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one or both of these fluid pumps. Tt is also an object to
provide a valve in series with the centrifugal valve
mechanism for blocking the output of this miechanism
when it is desired to start the engine of the vehicle by
pushing or towing the vehicle.

It is a further cbject of the invention to provide means
for cooling the starting friction engaging elements of the
transmission by providing grooves in the friction sur-
faces of the elements and connecting the grooves with
a source of fluid. To this end it is an object to 30 con-
nect these grooves with the ouiput of the ceatrifugal
mechanism so that a substantial flow of fluid through the
grooves is obtained when these couplings are normally
slipping, when the centrifugal valve mechanism is open.

The invention consists of the novel constiuctions, ar-
rangements and devices to be hereinafter described and
claimed for carrying out the above stated objects and
such other objects as will appear from the following de-
scription of preferred embediments of the invention il-
lustrated with reference to the accompanying drawings,
wherein:

Fig. 1 is a longitudinal cross sectional view of a trans-
mission embedying the principles of the inveation;

Figs. 2 and 3 are sectional views taken on lines 2—2
and 3—3 respectively of Fig. 1;

Figs. 4 and 5 are sectional views on enlarged scales
taken respectiveiy on lines 4—4 and 5—35 of Fig. 1;

Fig. 6 is a perspective view of a poriion of one of the
brake bands in the transmission;

Fig. 7 is a diagrammatic illustration of the control ar-
rangement that may be used with the transmission illus-
trated in Fig, 1;

Figs. 8, 9, 10, 11, 12 and 13 are graphs showing vari- -

ous characteristics. of the vehicle engine and the control
arrangement shown in Fig. 7;

Fig. 14 is a diagrammatic illustration of a portion of
a transmission control arrangement constituting a modi-
fication of the arrangement shown in Fig. 7; and

Fig. 15 is a fragmentary longitudinal sectional view of
a modified form of the transmission.

Like characters of reference designate like parts in the
several views.

Referring now in particular to Fig. 1, the illustrated
transmission comprises a drive shaft £5, a driven shaft 16,
an intermediate shaft 17, a second intermediate shaft 18§,
and a third intermediate shaft 29. The drive shaft 15
is adapied to be comnected to the driving engine (not
shown) of the vehicle in which the transmission is in-
stalled, and the driven shaft $ is intended to be con-
nected to the road wheels of the vehicle. The driven
shaft 16 is journaled within the transmission case 20 by
means of a bearing 23, and the intermediate shaft 18 is
piloted within the driven shaft 6. The shaft 19 is
splined on to the shaft i§, and these shafts are rotatably
disposed within the transmission case by means of a case
portion 28a. The shaft 17 is piloted within the shaft 19
and is fixed coaxially with respect toc the shaft i85 by
mechanism hereinafter to be described.

The transmission comprises in general three planetary
gear sets 23, 24 and 28. The gear sect 23 constitutes an
overdrive unit for connecting the shafts 17 and 19, and
the gear set 24 cousiituies an underdrive unit for connéct-
ing the shafts 18 and #8. The gear set 25 is a reverse
unit which cooperates with the gear set 24 for driving the
shaft 16 in the reverse direction with respect to thz
shaft 8.

The drive shaft 15 is connected to a fly wheel 246, and
the shaft 17 is connected to the fiy wheel by means of a
spring dampener assembly 27.  The dampener assembly
is of well-known construction and comprises a hub 28
which is splined on to the shaft 17 and which is provided
with slots 29 in which springs 38 are disposed. The fly
wheel has fixed thereté two annular elements 3% and 32
having similar slots for receiving the springs 38. Ths
arrangemsent is such that the torque transmitted through
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the assembly 27 passes from the elements 31 and 32
through the springs 3§ to the hub 28. The springs func-
tion to absorb vibrations which would ordinarily be trans-
mitted from the fly wheel to the shaft 17.

The planetary gear set 23 comprises a ring gear 33, a
sun gear 34, planet gears 35 (one being shown in the
drawing) in mesh with both the ring and sun gears and
a planet gear carrier 36. The sun gear 34 is formed on
a sleeve shaft 37 rotatably disposed on the shaft 7 as
shown. The gear carrier 36 comprises a plurality of stub
shafis 38, one for each of the gears 35, and the gears 35
are rotatably disposed on these shafts.

A one-way clutch 39 which may be of any suitable
type is provided between the shaft 37 and a portion 48
of the planet gear carrier. The illustrated clutch 3%
comprises a plurality of sprags 41 (see Fig. 5) disposed
between facing cylindrical surfaces provided on the
members 46 and 37. Each of the sprags has end notches
42 therein, and expanding type garter springs 43 bear
on edges 42« of the notches 42 in each sprag and tend
to turn the sprag to engage the opposite cylindrical sur-
faces. The arrangement of the sprags is such that the
ciuich 32 engages to prevent the shaft 37 from rotating
vhead of the carrier 36 in the forward direction, the for-
ard direction being assumed to be the same direction
tation as the shaft 15 is driven by the vehicle engine

v the arrow 154.
riction brake 44 is provided for the shaft 37 and
car 34, and this brake comprises a brake drum 43

d with respect to the shaft 37 and a brake band 46
apted to engage the drum 45,
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1lie gear set 24 comprises a ring gear 47, a sun gear
48, planet gears 49 (one being shown in the drawing)
in mesh with the sun and ring gears and a planet gear
carrier 52 having stub shafts 51 on which the planst gears
4% are mounted. The sun gear 48 is formed integral
wiih the shaft 18, and carrier 58 is integral with the shaft
16 as shown.

A friction brake 52 is provided for the ring gear 47,
and the brake comprises a brake drum 53 fixed to the
ring gear and a brake band 54 adapted to act on the
drum.

A {riction clutch 55 is provided for effectively connect-
ing together the sun gear 4§ and the ring gear 47. The
friction clutch comprises a hub 56 splined onto the shaft
19, clutch discs 57 splined onto the hub 56 and clutch
discs 58 disposed between the discs 57 and fixed with
respect to the drum 53.

A hydraulic piston 59 is provided for engaging the
discs 87 and 58 with each other. The piston 59 is dis-
posed within an annular member 6@ which in turn is
disposed within the drum 53 and fits on the casing por-
tion 20a.. Springs 61 and 62 are provided for retraciing
the piston into its clutch disengaged position in which it

" is showa.

The planefary gear set 25 comprises a ring gear 63, a
sun gear &4, a plurality of planet gears 65 (one being
shown in the drawing) in mesh with the sun and ring
gears and a planet gear carrier 66. The sun gear 64 is

v formed on a sleeve shaft 67 rotatably disposed on the

shaft 16, and this shaft is connected by a member §3
with the ring gear 47. The ring gear 63 is formed on a
member 69 which is rotatably disposed on a portion 205
of the transmission casing. The pilanet gear carrier 65

3 comprises a plurality of stub shafts 79, one for each of

the planet gears 63, on which the planet gears are dis-
posed as shown. A brake 71 is provided for the ring
gear 63, and this comprises a brake drum 72 fixed on
the member 63 and a brake band 73 for engaging the

5 odrum,

The hydraulic controlling mechanism for the transmis-
sion comprises servomotors for engaging the bands 48,
) The servomotors for the baads are similer,
and the motor used in connection with the band 54 will

described by way of example. The motor comprises
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a piston 80 (see Fig. 2) slidably disposed within & cylin-
der 81 formed in the transmission casing 28. The piston
80 is connected to one end of the band 54 by means of a
piston rod 82, a lever 83, and a strut 84. The other end
of the band 54 is anchored with respect to the trans-
mission casing 20 by means of another strut 85. A
spring 86 .is provided for acting between a- portion -of
.- the transmission casing 20 and the piston 89 for yieldably
holding the piston in its brake disengaged position in
which it is shown. For engaging the brake band, fluid
under pressure is applied within the cylinder 81 behind
the piston 80, and movement of the piston 80 is trans-
mitted to the brake band through the rod 82, the lever
83 and the strut 84, as is apparent.

Similar servomotors and similar arrangements of link-
age are provided for engaging the bands 46 and 73.
Referring to Fig. 7, the piston 87 disposed within a cyl-
inder 88 is shown diagrammatically for -engaging the
band 73, and, referring to Figs. 3 and 7, the piston 89
slidably - disposed within the cylinder 98 is shown for
engaging the band 46.

The hydraulic controlling arrangement for the trans-
mission includes also a hydraulic governor 91 which is
driven at the speed of the driven shaft 16 through the
planet gear carrier 66. The governor 91 is operatively
connected with the carrier 66 by means of a gear 92 fixed
io the carrier; a gear 93 in mesh with the gear 92 and a
shaft 94 connected to the gear 93 and to the governor.
The transmission is also controlled by centrifugal valve
mechanism 95 driven by the shaft 17 and thereby in ac-
cordance with the speed of the drive shaft I5. The
hydraulic arrangement includes a pump 96 which is also
driven by the shaft 17.

The pump 96 (see Fig. 7) is of a usual design and
comprises an inner rotatable member 97 and an outer
rotatable member 98. The member 97 is fixed on the
shaft 17 and is generally in the shape of a gear and has
radially extending lobes 99. The outer member 98 re-
ceives the member 87 and has depressions 100 adapted to
receive the lobes 99. The member 98 is eccentrically
located with respect to the member 97 so that one-of the
lobes 99 is disposed in one of the depressions 16¢ but
the remainder of the lobes 99 are outside of the depres-
siocns 169, and the pumping action is due to the fact that
one less lobe is provided than depressions 169. As
shown in Fig. 7, the inlet side of the pump is at 161 and
the outlet is at 162. The inlet 101 has an inlet conduit
163 and is connected to the sump Z8c of the transmis-
sion by means of the conduit 163a, and the ouilet side

of the pump is connected to a conduit 184. The parts to 3

be controlled by fluid pressure generated by the pump %6
are connected with the conduit 104 as will be hereinafter

described. _
The centrifugal valve mechanism 95 (see Figs. 4 and

7) comprises a pair of centrifugal weights 105 which are

pivotally carried by a hub 196. FEach of the weights is
arranged to act on a valve piston 187 by means of a
strut 108. - The valve pistons are arranged to form
closures for orifices 189 which are connected to the
conduit 104.

The hydraulic governor 91 comprises a casing 119 in
which are disposed two centrifugal valves 111 and 112.
These valves are similar with the exception that a com-
paratively large weight 113 is provided on the outer end
of the valve 111 while a comparatively small weight 114
is provided on the outer end of the valve 112. The valve
111 comprises lands 115 and 116, as shown.  The casing
110 is provided with an internai cylindrical portion 117
adapted to receive the land 116 and a smaller cylindrical
portion 118 in which the land 115 is disposed. A pres-
sure conduit 119 is provided in the casing 110 and an
outlet conduit 126 is provided next to thé conduit 115.
The casing is also provided with an internal conduit 121
which connects its internal cylindrical portion 117 with
the conduit 120, as shown.’
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Similar conduits and parts are provided for the valve
112 as for the valve 111. The valve 112 has lands 122
and 123 corresponding to the lands 116 and 115, and the
pressure conduit 119 is also connected with the casing
119 in proximity to the valve 112. An outlet pressure
conduit 124 is provided for the valve 112 which corre-
sponds to the conduit 120, and a conduit 125 is provided
for connecting the internal cylindrical portion 117 with
the conduit 124. The casing 110 is provided with a dis-
charge orifice 126 between the lands 116 and 122 which
is in communication with the sump 2dc.

A valve 127 is provided which is adapted to be manu-
ally controlled by means of a selector lever 128 located
immediately beneath the steering wheel 129 of the ve-
The valve 127 comprises a casing portion 130 and
a valve piston 131. The piston is provided with lands
132, 133, 134, 135, 136, and 137, as shown. . The lands
£32, 134, 135 and 137 are provided with grooves 138,
139, 140 and 141 respectively  therein extending longi-
tudinally and radially of the piston 131. = The casing
portion 139 has conduits 142, 143, 144 and 145 therein,
as shown. The valve 127 is connected to the selector
lever 128 by any suitable linkage such as by the link 146
and the lever 147 which is fixed to rotate with the lever
128. The valve 127 has reverse, neutral and forward
positions which are indicated, and the lever 128 has cor-
responding positions.

The transmission control arrangement includes a pres-
sure or more particularly a vacuum responsive valve 148
which comprises a casing portion 149 and a flexible dia-
phragm 150 fixed in the casing portion. The casing
portion 149 is connected to the air intake manifold (not
shown) of the internal combustion driving engine of the
vehicle, which generally. conducts engine fuel as well, by
means of a conduit 151, and the pressure in the manifold
which is subatmospheric when the particular engine con-
templated is in operation is thus effective on the dia-
phragm 150. A valve piston 152 is slidably disposed in the
casing 149 and comprises lands 153 and 154. The land
153 is of larger diameter than the land 154 and is adapted
to coact with a seat 155 fixed within the valve casing
149. A compression spring 156 is provided between the
diaphragm 150 and valve piston 152, and the valve
casing 149, as shown. A fluid exhaust opening 157 is
provided in the casing portion in communication with
the sump 20c for draining any fluid from one side of
the diaphragm 159.

The conduit 163a connecting the pump 96 Wwith the
sump 20c¢ is located in close proximity to the pump inlet
161 and between the pump and valve 152. The valve
152 discharges between its land 153 and seat 155 and
is connected at this point with the pump inlet 101, as
shown by conduit 183. By this arrangement, the engine
pump only draws from the sump the difference between
its entire intake.and the discharge from the pressure
regulating valve 152, Excessive foaming of the oil if
the eantire intake flow to the pump 96 were taken from
the sump is thereby avoided. It will be realized that ex-
cessive air in the fluid used with the control arrangement
will cause a difference in the operation of the various
valves, and it is therefore desirable to avoid any excess
foaming in the fluid.

A limit valve 158 is provided in connection with the
conduit 151, The limit valve comprises a ball 159 held

5 yieldably on a seat 169 by means of a spring 161 which

is disposed between the ball and a spring seat 162.

An extra performance valve 163 is provided under the
control of the accelerator 164 for the vehicle  engine.
Although the connections between the vehicle engine
and accelerator are not illustrated, it will be understood
that the conventional connections are intended to be
used. The valve 163 comprises a casing portion 165
and a piston 166 slidably disposed in a cylindrical cavity
in the casing vortion. The piston 166 comprises lands
167 and 168 and a compression spring 169 acting on
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the piston 166. The land #67 has openings 167a there-
through, as shown. The casing portion 163 is provided
with conduits £78, 171, 372 and 173 and is also provided
with a fluid discharge orifice 174 connected with the
sump 28c. The accelerator 164 is adapted to move a
pin 175 that fits loosely in a cavity in the valve piston
166, and any suitable linkage between the accelerator
and pin may be provided. A spring 176 may be provided
between a stationary part 177 of the vehicle and an abut-
ment 178 fixed to the pin 173 for yieldably holdiag the
pin in its iilustrated position. The linkage connecte

with the pin 175 is provided with an abutment portion
179 that is contacted by the accelerator 1634 when the
latter is - moved to its extreme open throttle position for
thereafter moving the pin 175 to the left (as shown in
Fig. 7) against the action of the spring 174, A button
380 located on the vehicle instrument board or at any
cther readily accessible position may aiso be provided
for actuating the pin 175. This button may be con-
nected by any suitable linkage such as a flexible Bowden
wire 181 with the pin 175.

A valve 182 respensive to governor pressure on one end
and pressure respousive to torque demand on the other
ead is provided. The valve comprises a casing portion

- 183 and a valve piston 184 which is slidably disposed
in a cavity within the casing portion. The valve piston
comprises lands 185, 186, 187, 188 and 188, as shown.
A compression spring 198 is provided on one end for
acting on the valve. The casing pertion 183 is provided
with conduits 191, 192, 193, 194, 195 and 195, as shown,
and the casing portion is also provided with a discharge
conduit 197 connected with the sump 29c.

A second valve 138 responsive to both governor pres-
sure and torque demand fluid pressure is provided, and
this comprises a casing porticn 199 and a piston 288.
The piston comprises lands 201, 282, 263, 264, 285
and 206 and has a central hollow bore 287 which has
outlets 208 and Z8% positicned as shown. A compres-
sion spring 216 is provided at one end of the piston 280.

The casing portion 199 is provided with the conduits {3

172, 191, 145, 195, 129 and additional conduits 211,
212 and 213. The casing 199 is also provided with a
restricted discharge crifice 214 connected to the sump 28¢.

Two pressure control vistons 213 and 216 for modi-
fying the action of the diaphragm 35§ are provided.
These are slidably disposed in a casing portion 217, as
shown. The piston 2i6 acts on a spring 218 which in
turn -acts on a pin 23%, and the pin is adapted to con-
tact and act on the piston 235 which in turn contacts
the piston 152. The rear end of the piston 21§ is con-
nected with the conduit 194, and the forward end of
the piston 216 is venied to the sump 208c¢ by means of
a discharge passage 228. The forward end of the pis-
ton 215 is connected to the conduit 142 by means of a
passage 221, :

A second extra performance valve 222 is coanected
effectively between the governor 1i2 and the valve 193.
This valve comprises a casing portion 223 and a valve
piston 224 slidably ‘disposed in a substantially cylin-
drical cavity within the casing portion. The valve pis-
ton 224 has lands 225, 226 and 227, and the piston is
provided with a hollow centrai bore 228 connected by
passages 229 with the groove between the lands 226 and
227. The piston 224 is acted on by a spring 239, and 2
seat 231 is provided in the piston bore in the casing
223 for limiting its movement under action of the spring
2346. The vaive 222 is connectad by a conduit 232 with
the conduit 170, and the conduits 7% and 173 are also
connected with the valve, as shown. A discharge con-
-duit 233 is provided which is connected to the sump 248c.

A pump 234, similar to the pump %6, is provided to
be driven by the same driving mechanism, including the
shaft 94, as the governor 91. This pump is connected
by a conduit 235 with the conduit 164, so that.it may
supply fluid under pressure due to rotation of the driven
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shaft 16 to the same devices as does the pump 96. The
pump 234 is also connected with the sump 28c as shown.

The brake band 54 is provided with a plurality of
circumferential grooves 238 on its inner surface (see Fig.
6). This surface of the band is lubricated from the dis-
charge from the valves 107, which flows into the grooves
22$ as will now be described. There is a casing 237 about
the valves adapted to receive the fluid discharged through
them, and this casing is connected by a conduit 238 with
a trough 23% which is in communication with these
ves. A valve 249 is provided for controlling the
icw of fluid through the conduit 238 for purposes here-
inafter to be described.

The clutch piston 59 is connected to the valve 198 by
means of the conduit 213, and the piston 89 for the
brake 32 is connected with this valve by means of the
coenduit 211, The piston §9 for the brake 44 is con-
nected with the valve 182 by means of the conduit 192,
and the pisten 87 for the brake 71 is connected by
means of the conduit 144 with the valve 127. A Iu-
brication conduit 241 which passes through the shafts
17, 18 and 16 of the transmission is connected with the
pressure conduit 143, and an orifice 242 for limiting the
fluid flow into the lubrication conduit 243 is provided.
The pressure conduit 143 is also connected with the
conduits 198, 119 and 193, as shown.

The illustrated transmission provides four forward
speed ratios and a reverse drive. Low speed forward

rive is provided when the brake 52 is engaged. In this
case, the drive is from the drive shaft 15 through the
fly-wheel 26, the dampener 27, the shaft 17, the planet
gear carrier 36, the ring gear 33, the shafts 19 and 18
and the planetary gear set 24 to the driven shaft 16.
The brake 52 is effective to hold the ring gear 47 of the
planetary gear set 24 stationary to render this gear 2
reaction element, and the gear set is effective to drive
the driven shaft 1§ at a lower speed but at an increased
torgue with respect to the shaft 18. The planetary
gear set 23 is locked up by means of the clutch 32, and
all of its parts rotate as a unit so that the shafts 17 and
13 are in direct drive.
Second speed forward drive is thereafter obtained by
gaging the breke 44, The brake functions to hold
the sun gear 34 of the gear set 23 stationary so that the
g2ar set is effective to drive the shaft 19 at an overdrivs
with respect to the shaft i7; otherwise the power frain
is the same 28 in low speed forward drive.

Third speed forward drive is obtained by disengag-
ing the brakes 44 and 52 and engaging the clutch 55.
The drive in this case is from the drivs shaft 15, through
the fly wheel 26, intermediate shaft 17, the planetary
gear set 23, the shaft 19 and the planetary gear set 24
to the driven shafy 25, With the clutch 55 engaged, the
parits of the planetary gear set 24 rotate together and the
gear set is locked up.  The planetary gear set 23 oper-
ates in the same condition as in low speed forward drive
with the clutch 39 causing the parts of the gear set to
retate together as a unit. The drive through the trans-
mission in this speed ratio is thus a direct drive.

Fourth speed forward drive is obtained by cngaging
brake 44 with the clutch 35 remaining engaged. The
drive is the same as third speed drive with the excep-
tion that the gear set 23 is effective to drive its output
shaft 19 at an overdrive wiih rtespect to iis input shaft
17 so that the drive through the transmission as a whole
is an overdrive.

Reverse drive is obtained by engaging the brake 71.
The drive proceeds as in low speed forward drive
throngh the gear set 23 with the parts of the gear set
23 rotating as a unit and thence from the shafts 19 and
i3 and the sun gear 48 through the gear set 24. The
ring gear 47 is connected with the sun gear 64 and the
carrier 66 of the gear set 23 is connected with the
driven shaft 16 all as above described, and the action
ear set 24 is such as to-cause
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the planet geat ‘catrier 50 and thereby the driven shaft
16 to rotate at a reverse underdrive.

Fluid pressure for operating the hydraulic controls
shown in Fig. 7 may be derived from the pump 96
which is driven from the shaft 17. The shaft 17 ro-
tates with the driving engine of the vehicle, and hence
there is fluid pressure available at all times when the
engine is in operation. The pump 96 is of a standard
design, the principle of operation of which is- well-
known; however, its operating principle may be stated
in brief as follows:

The shaft 17 drives the inner member 97 having the
lobes 99 thereon. The lobes 99 mesh with the grooves
100 to rotate the outer member 96 in the same direction.
In view of the fact that there is one fewer lobe 99 than
groove 100, there is always a space between the inner
member 97 and the outer member 98, as shown, at the
lower side of the shaft 17 and inner member 97. The
lobes furthermore are of such a shape as to always be
in contact with the inner surface of the outer member
98 and hence there exists a suction at the inlet side of
the pump 96 and a pressure at the outlet side 102 of the
pump. The pressure conduit 104 being connected with
the pressure side of the pump 96 thus always has fluid
under - pressure therein when the vehicle engine is
operative.

The fluid pressure within the conduit 104 is regulated
by the centrifugal valve mechanism 95 and the pressure
responsive valve 152. The centrifugal valve mechanism
95 is responsive to the speed of the intermediate shaft 17
and thereby the drive shaft 15, and the valve 152 is respon-
sive to the torque exerted by the vehicle engine. Both of
these valve mechanisms function to by-pass ftuid back to
the transmission sump 28c in performing their regulating
functions as described below.

The weights 165 of the.centrifugal valve mechanism 95
rotate with and are driven by the shaft 17. Through the
struts 188, the weights 105 act on the valve plungers 107
to urge them into closing relation with their seats 109
so as to inhibit the escape of fluid between the plungers
and seats and thereby to increase the pressure of the fluid

in the conduit 184. When the valve plungers 107 are not

closed against their seats 189 the escaping fluid first serves
to cool and lubricate the brake band 54 of the brake 52
and thence proceeds to the sump Zéc.

The valve 152 functions to by-pass fluid from the
conduit 104 back to the pump inlet 161, which communi-
cates directly with the sump 20c, between its land 153
and the seat 153 and through the conduit 103 when the
valve is opened such as is shown in Fig. 7. The position
of the valve 152 is regulated by the diaphragm 150 which,
as has been described, has the pressure in the vehicle
engine manifold impressed thereon, which-is a vacuum
for the ordinary gasoline internal combustion engine in
use in passenger automobiles.. When the vacuum in the
manifold is greater or in other words, the manifold abso-
lute pressure is less, the vacuum holds the diaphragm 150
and thereby the valve piston 152 against the action of the
spring 156 in positions as seen in Fig. 7 with the valve
separated from its seat 155. This has the effect of
decreasing the fluid pressure in the conduit 104. Simi-
larly a decrease in vacuum or an increase in absolute
pressure in the manifold of the vehicle engine allows the
spring 156 to move the valve piston 152 to the right as
seen in Fig. 7 so that the valve piston tends to be closer
to the seat 155 whereby a greater pressure in the passage
104 is needed to -move the valve 152 off its seat to allow
the pump pressure to escape, and the pressure of the fluid
within the passage 164 is thereby increased.

The limit valve 158 functions to prohibit less than a
certain degree of subatmospheric pressure from being
exerted on the diaphragm 150. When the pressure in the
manifold and thereby in the conduit 151 decreases below
this limit, the ball 159 moves away from its seat 160
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against the action of the spring 161 and admits air info
the conduit.

The chart in Fig. 8 shows, with respect to the speed
and the output torque of a certain internal combustion
vehicle engine, how the manifold pressure of the engine
varies. = This is the pressure which is exerted on the
diaphragm 159, as has been described. It will be apparent
from the chart that the manifold pressure varies directly
with the torque output of the engine, that is, the manifold
pressure increases with an ‘increase of engine torque, and
this ‘is' generally true of ail internal combustion vehicle
engines. 1 wish it to be understood that the data given
in this and other charts to be referred to, which are drawn
with respect to certain engines and hydraulic installations,
are not to be considered as limiting any invention in any
manner to the material disclosed in these charts, as they
are intended to be illustrative only for the purpose of
better describing the invention.

Referring to Fig. 9, the combined effect of the cen-
trifugal valve mechanism 95 and the valve 152 on the fluid
pressure in the conduit 104 will be apparent. Referring
to this-figure, as the engine speed increases, the fluid
pressure also increases along the illustrated curve which
begins ‘at zero “oil pressure.” At higher values of mani-
foid pressure, the fluid pressure increases to higher values,
while as the manifold pressure decreases, the upper limit
to which the fizid pressure in the conduit 104 increases is
less. This is to be expected since, as has been described,
decreased absolute pressures on the diaphragm 15¢ puil
the valve 152 farther from its seat. Aswill be hereinafter
made apparent, the centrifugal valve mechanism 95 con-
trols the fluid pressure in the conduit 164 in the starting
speed range of the vehicle, and the valve 152, which is
controlled in accordance with manifold pressure and
thereby in accordance with engine torque output, controls
the fluid pressure in the running speed ranges of the
vehicle in which the centrifugal valve mechanism is
closed.

The pressure regulating valve 152 functions to maintain
the fluid within the conduit 184 substantially constant,
assuming the centrifugal valve mechanism 95 is closed
and there is a constant pressure within the vehicle engine
manifold, regardless of the rate of discharge of the pump
9%, This action of the pressure regulating valve 152 is
due to the fact that its face 1532 overlies the seat 155,
and fluid escaping between the valve face 1534 and the
seat 155 has the effect of forcing the valve to the left as
seen in Fig. 7. Back pressure which tends to build up in
the return passage 183 causes a consequent increase in
the upstream pressure adjacent the enlarged face 153q of
the valve 152. This increased pressure on the enlarged
valve face provides a larger pressure-area force tending
to move the valve 152 to the left so that the increased
pressure acting on the excess area assists in moving the
valve farther open. Any back pressure that develops in
the return passage 163 assists in opening the valve farther,
that is moving it to the left as seen in the figure, and this
is due to the construction in which the diameter of the
valve is slightly larger than the valve seat. Greater
exhaust from the pressure regulating valve or else a
thicker fluid, and the fluid may become thicker at colder
temperatures, tends to create pressure in the bypass pas-
sage 103 which operates on the overhung annular edge of
the valve and helps to lift it.

The transmission mechanism is conditioned for a
drive either in forward or reverse by shifting the valve
127 to its forward or reverse position. The valve, as
shown in Fig. 7, is in its neutral position. The selector
lever 128 positioned beneath the steering wheel 129 is
utilized for shifting the valve 127.

‘Assuming that the valve 127 is moved to the right,
as seen in the drawing, to its forward drive position; the
conduits 142 and 145 are thereby connected by the
groove between the lands 135 and 134. The purpose
of the longitudinal grooves or slots 138, 13%, 140 and
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143 will be hereinafter described. The fluid in the
conduit 145 flows between the lands 263 and 284 of the
valve piston 280 to the conduit 211 connected to the
piston 8% of the fluid pressure motor for the brake 52,
and the brake is thereby conditioned for engagement.
Brake engagement for completing the low speed forward
drive power train through the transmission does not
actually take place until the accelerator 164 is depressed
to open the vehicle throttle and increase the engine speed
above its idling speed for causing the valve mechanism
95 to close, but upon such increase of vehicle speed,
closure or partial closure of the valve 187 on their seats
189 causes an increase of fluid pressure in the conduit
194 and the connected conduits to engage the brake 52.
With the engine idling, the pressure developed at the
centrifugal valve mechanism 95 will be enly sufficient to
overcome the band return spring 86 and thereby create
a slight drag by the brake band 54 on the drum 53. As
the throttie is opened, the centrifugal valve mechanism
95 closes and the pressure increases in conduits 184,
142 and 145 while the vehicle acceierates to a corre-
sponding speed, at which time the pressure becomes
igh enough to prevent slip of the band 54 relative to
the drum 23. Above the starting speeds of the vehicle
the fluid pressure in the conduit 142 and connected con-
duits varies substantially exclusively with the engine
nee the cantrifugal valve mechanism 95 is closed,
torque variable fluid pressure is utilized to keep
engaged with a pressure that varies with

This pressure from the conduit 164 is also utilized for
determining ‘the shift points of the transmission mecha-
nism, that is, the points relative to the vehicle speed and
engine torgue at which increases and decreases in ratio
occur.  The  centrifugal valve mechanism 95 is sub-
stantially completely closed at the vehicle speeds at
which decreases in ratio occur, and hence the pressure
in the conduit 145 at this time varies substantially ex-
clusively with eagine torque. TFor this purpose the fluid
in the conduit 145 is applied to the right hand end of the
valve piston 208 through said conduits, and the pressure
in the conduit 184 is similarly applied to the right hand
end of the valve piston 184 threugh the conduits 142,
143 and 1926. It will be apparent from an inspection of
Fig. 7 that the grooves between the lands 135 and 234
is suificiently wide to maintain the conduits 142 and 143
in communication with each other regardless of the
position to which the selector valve 127 is moved.

The fluid pressure under the control of the pressure
responsive valve 152 is applied to the right hand ends
of the shift valves 184 and 280, as has been described,
and fluid pressure which varies with the speed of the
driven shaft 16 is applied to the left hand ends of these
valves as will now be described. The pressure variable
with the speed of the driven shaft is supplied by the
governors 111 and 112.

The fluid under pressure from the conduits 184 and
143 is supplied to the governor mechanism through the
conduits 119 which are connected with the conduit 143.
The ouilet conduits of the governor valve mechanism
are the conduits 129 and 124 which are connected
respectively with the governor valves 111 and 112. The
governor valve 111 constituies a low speed governor
and has a larger head 133 than the governor valve 112
which constitutes a high speed governor. The casing
519 of the valve mechanism 91 is connected and there-
by driven through the shaft 94 and gears 92 and 93
which are driven by the carrier 66 and shaft 16, as has
been described, and the casing 119 thus rotates propor-
tionately io the speed of the driven shaft §6. On ro-
tationn of the governor casing 11§, the governor valves
111 and 112 tead to move outwardly under the action
of centrifugal force particularly on their heads 113 and
114, Referring particularly to the valve piston 111,
when it moves outwardly, its lend 215 will close the
exhaust orifice 1ida of the valve, which iacidentaily
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drains into the sump 28c and will open the conduits 121
and 120 to the pressure conduit 119. Fluid under
pressure will thereby be admitted to the conduits 128
and 121 and will act on the ends 116a and 115a of the
lands 116 and 135. In view of the fact that the surface
1i%a has a greater area than the surface 115¢, the pres-
sure of fluid in the conduits 121 and 129 tends to move
the governor piston 111 inwardly against the action of
the centrifugal force which urges it outwardiy, so that
the conduit 119 is again closed by the land 1i5. On
a further increase of speed of the casing 116, the centrif-
ugal valve 111 moves outwardly again and admits an
increased pressure to the conduits 121 and 120 before
this pressure again causes an inward movement of the
piston 111 to close the conduit 119. Similarly when
the speed of the valve casing 118 decreases, the pressure
in the conduits 128 and 121 is such as to move the piston
inwardly so as to open the orifice 1184 to allow the
scape of some of the fluid in these conduits and the
toid pressure in these conduits is thus automatically
decreased in accordance with the decrease of governor
speed. It will thus be apparent that the governor valve
i1l automatically causes an increase and decrease of
fluid pressure in the outlet conduit 129 which varies in
accordance with the speed of rotation of the governor
casing 110.

The governor valve 112 functions to provide a vari-
abls increasing and decreasing fluid pressure in the out-
let conduit 324 corresponding to increasing and decreas-
iug speeds of the governor casing 119, and the mode of
operation ef the governor valve 112 in doing this is the
as that of the governor valve 111 in connection
with its ocutlet conduit §29. However, due to the
smaller size of the weight 114 of the governor valve
12, the fluid pressure in the cutlet conduit 124 is con-
iderably less than is the fluid pressure in the conduit
28. The graph shown in Fig. 10 illustrates how the
outlet pressures of the governor valve 111 and 112 vary
with the speed of a vehicle and with each other. Tt will
te understood, of course, that the values of fluid pres-
sare will vary materially with changes in various di-
mensions of the system and that this graph is intended
to be illustrative only.

With the valves 182 and 198 being in their low speed
drive positions in which they are illustrated, the conduit
29 is connected with the conduit 193 by means of the

ve between the lands 252 and 283 on the piston 268,
and this fiuid is thereby applied to the left hand end of
the valve piston 184. The pressure from the governor
valve 111 thus tends to move the valve piston 184 toward
the right against the spring 139 and the fluid pressure fron
the conduit 143 which varies in accordance with the pres-
sure in the engine manifold at the vehicle speeds at which
an upshift can occur.

When the fluid pressure from the governor valve 113
increases sufficiently with increase in speed of the driven
shaft 16 and of the vehicle, the piston 134 is thereby
moved to the right so as to bring the land 12§ within the
comnstricted portion 1837 of the valve casing porticn 383
The groove in the piston 184 defined by the lands 186 and
187 in this position of the valve connects the conduits 393
and 192 so that the fluid under pressure from the conduit
143 is applied to the piston 89 for engaging the brake 44.
With engagement of this brake the transmissicn is in sec-
ond speed forward drive.

A smooth engagement of the brake 44 is obtained due
to the action of the piston 218, During this movement
of the valve piston 184 toward the right for changing the
driving ratic to second speed forward, the lands 187 and
188 momentarily connect the pressure conduit 193 and
the conduit 194. Fluid pressure in the conduit 184 acts
on the piston 216 and moves the piston to the left as
seen in Fig. 7. The pisica acts on the spring 218
and through the pin 219, the plunger 215 causes a move-
ment of the-pressure control valve 152 to the left for there-
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by decreasing the fluid pressure in the conduits 142 and
143, The pressure regulating valve 152 without such in-
fluence-of the piston 216 has the effect of providing a little
excess of fluid pressure for the brake 44 at the particular
torque being transmitted by the engine which would be
necessary for completing the power train without slippage
of the band, and the piston 216 functions to overcome this
excess pressure and reduce it to the point where there is
slippage, as the power train is completed. When the valve
184 has completed its movement, then the groove between
the lands 187 and 188 connects the conduit 195 and the
conduit 194 for draining the latter conduit thiough the
discharge orifice 214, so that the piston 216 moves back
to its mormal position in which it is illustrated. Upon
such return ‘of thé piston 216, the valve piston 152 returns
to its normal position so as to raise the fluid pressure in
the conduits 104 and 142, and increasing pressure is thus
applied to the brake piston 89 for causing complete en-
gagement of the brake 44. As will be apparent, the size
of the orifice 214 determines the rate of return movement
of the piston 216 and thereby the rate of engagement of
the brak= 44.

A change in driving ratio from second speed forward
drive to third speed forward drive is obtained by a shift
of the valve piston 268. This shift is caused by an in-
crease of the pressure applied to the left end of the piston
from the governor valve 112. During ordinary move-
ment of the accelerator 164 in its throttle controlling
range and before it contacts the abutment 179, the pin 175
is in its illustrated position in which the holes 167a are
in communication with the conduit 172, and the discharge
conduit 124 of the governor valve 112 is thereby con-
nected with the conduit 172 leading to the left end of the
valve piston 200. Fluid pressure from the governor 112
is thereby applied to the left-end of the valve piston 200,
and when this fluid pressure increases sufficiently with an
increase in speed of the driven shaft 16 and thereby of
the governor casing 110, the valve piston 288 is moved
to the right as seen in Fig. 7 against the action of the
spring 210 and the fluid pressure variable with manifold
pressure and transmitted through the conduits 145 and
212 to the right end of the valve piston 200. When so
moved, the land 205 of the piston 209 is brought within
the constricted portion 19%a of the valve casing portion
199, and the land 284 bears against this portion
of the casing 199. The groove between the lands 205

‘and 206 connects the condunits 212 and 213, and inasmuch

as the conduit 212 contains fluid variable with manifold
pressure, this fluid is applied to the piston 59 for the fric-
tion clutch 35 for engaging the clutch.

When the valve 209 is in its shifted position, the groove
between the lands 263 and 204 connects the conduit 211
with the fluid discharge orifice 214 for causing a con-
trolled disengagement of the brake 52. During this
movement of the valve piston 200, the groove between
the lands 261 and 202 passes over the end of the conduit
191 in the casing 199 and connects this conduit
through the opening 208, the bore 207, and the opening
209 with the discharge orifice 214, and any fluid pressure
on the left end of the piston 184 holding it in its shifted
position ‘is released so that the piston 184 moves again
into its positon in which it'is illustrated in Fig. 7. With
the piston 184 in this position, the conduit 192 is con-
nected with the fluid discharge orifice 197 by means of
the groove between the lands 186 and 187 for disengag-
ing the brake 44. The orifice 197 is relatively small to
provide a controlled disengagement of the brake 44 for
helping to give a smooth change in speed ratio. During
the return movement of the valve piston 184 to its illus-
trated position, it momentarily connects the pressure con-
duit 193 and the conduit 194 by means of the groove be-
tween its lands £87 and 188 for thereby moving the transi-
tion plunger 216 to the left as seen in Fig. 7 to temporarily
decrease the pressuré in the conduit 164 and connected
conduits and thereby the pressure applied to the clutch
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piston 59 for giving a smooth engagement of the clutch.
As the valve piston 184 completes its stroke, the conduit
194 is connected with the conduit 195 whereby fluid act-
ing on the transition plunger 216 drains to the sump 20¢
through the discharge orifice 214 to give a controlled in-
crease of fluid pressure in the conduit 164 and connected
conduits to the normal pressure of ‘the fluid. = With the
clutch 55 being engaged, the transmission drives in high
speed or direct drive.

A change in driving ratio from third speed forward
drive to fourth speed forward drive is obiained by a
second movement of the piston 184 to the right as seen
in Fig. 7 and this movemient is obtained under the action
of the discharge fluid pressure from the governor valve
112. When the valve piston 200 is in its third speed
position, in which it is moved to the right of its illus-
trated position, the conduits 172 and 191 are connected,
since the land 261 is to the right of the outlet of the
conduit 191 in the casing portion 199. . When the output
fluid pressure of thé governor 112 increases sufficiently
with an increase of speed of the driven shaft 16, it thereby
is effective to move the valve piston 184 to the right to
bring its land 186 within the constricted casing portion
1834. In this position of the valve 184, as in its sec-
ond speed forward drive position, the conduits 192 and
193 are connected and fluid under pressure from the
conduit 193 is applied to the brake piston 82 for engaging
the brake 44. Also during such movements as in the
case of a shift to second speed forward drive, the transi-
tion plunger 216 is operated to momentarily decrease the
pressure in the conduit 104 and connected conduits. for
giving a smooth engagement of the brake 44.

As is apparent from the above description, movement
of the valve pistons 184 and 206 is dependent on the
relative magnitudes of the fluid pressure variable with
the manifold pressure impressed on the right ends of
these valves and governor pressures impressed on the
left ends of these valves.. When either the governor pres-
sures decrease or the fluid pressure responsive to mani-
fold pressure increases, then the valves will move in the

reverse sequence to that just described to downshift the
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transmission from fourth speed to third speed to second
speed and finally to first speed.

It may be noted at this point that the centrifugal valve
mechanism 95 has substantially no effect on the move-
ment of the shiftable valves 184 and 290 and that sub-
stantially -its only effect is in giving a smooth gradual
engagement of the brake 52 for starting the vehicle.
The valve mechanism_ 95 has little effect on the shift-
able valves due to the fact that said centrifugal valve
mechanism is closed prior to the time that the driven
shaft governor 91 is rotating sufficiently to create suf-
ficient fluid pressure to move the shiftable valves 184
and 206. The driven shaft governor valves 111 and 112
and the shiftable valves 184 and 280 operate to change
the transmission driving ratio in a higher driven shaft
speed range than the driven shaft speed range in which
the centrifugal valve mechanism 95 operates, as - it will
be recalled that the latter closes at a relatively low driven
shaft speed. In the range in which the shiftable valves
184 and 209 operate, the pressure regulating valve 152,
without the influence of the centrifugal valve mechanism
95, determines the pressures in the fluid conduit 184 and
those connected therewith. It is noteworthy also that
the system includes a common pressure source (conduit
104 and connected conduits) which (1) provides an
engine torque responsive signal for the automatically
shiftable valves 182 and 198, (2) provides an engine
torque responsive fluid pressure used to engage the bands
and clutch with an engagement that varies with engine
torque on ratio changes, and (3) provides an engine
speed responsive pressure for establishing the drive for
starting the vehicle.

Accelerator ‘actuated overcontrol means are provided
for downshifting the transmission ratio when extra power



2,711,856

15

and speed ratio are required, as for passing another
vehicle on the road. This downshift is obtained by mov-
ing the accelerator 164 through its throtile conirolling
range to move against the abutment 179 for thereby
moving the pin 175 into its extended shift points posi-
tion, as indicated on the drawing. The piston 166 is
normally held in its illustrated position against the action
of the spring 16% by the pin 175, and when the pin is
so moved by the accelerator, the piston 166 moves io
the left to block communication between the conduits
178 and 172.

The conduits 171 and 172 are always in communica-
tion with each other, and pressure within the coaduit
172 is impressed on the left hand face of the piston 224
for purposes hereinafter to be described, and the pres-
sure within the conduit 172 is also impressed on the
right hand end of the piston 166, being transmitted to
this end of the piston through the bore 228, cpening 229,
and conduit 273. The fluid pressure within the conduit
172 thus angments the action of the spring 168 in moving
the piston 168 to the left, as seen in Fig. 7.

The net result of the output pressure of the governor
pisten 132 in conduit 178 acting on the left hand face
of the piston 166 and the pressure within the conduit
172 and the spring 169 acting on the right hand end of
the piston 165 is to cause the piston 186 to have a regu-
lating action maintaining the pressure within the conduit
172 2t a predetermined less value than the fluid pres-
sure in the conduit 179, Referring to Fig. 10, it will be
noted that the curve marked Piv: indicating the fluid
pressure in the passage 172 is substantially 15 Ibs. per
sq. in. less than the pressure Pim which indicates the
cutput pressure of the governor valve 112, during the
rising portion of the curve Pia. It will be understood
that the definite pressure difference between P12 and
Puo is, of course, dependent on the various dimensions
of the parts being used, and this curve is intended for
purposes of illustraticn only.

The valve 222 functions as an overcontrol on the valve
183 to limit the pressure Pz after this pressure reaches
a predetermined value, and this valve provides the flat
poriion of the curve Pire. When the pressure in the
conduit I72 reaches the predetermined maximum, it
moves the valve piston 224 to the right as seen ia Fig. 7
against the acticn of the spring 238. The valve piston
224 is then in position to connect the ouiput conduit 124
of the governor valve 112 and the conduit 232 with the
conduit 173 through the groove between the lands 225
and 226 for thereby applving the full output governor
pressure to the right end of the valve piston 165. The
valve piston 166 is thus moved to the left to close the con-
duit 17¢ for preventing any additional fluid from enter-
ing the conduit 172, and the pressure within the conduit
172 thereafter remains at its maximum value which is
shown by the horizontal straight line portion of the curve
Pima. .

The net effect of the valve 163 in reducing the pres-
sure within the conduit 372 by a predetermined amount
wiih respect to the output pressure of the governor valve
112 is to alter the vehicle speeds at which the ratio
changes are made from second to third speed ratios to-
ward higher vehicle speeds, and this effect of the valve
163 is in additicn to that normaliy provided by the mani-
fold controlled valve 152 which raisss the pressures on
the right hand ends of the shift valves 382 and 393 when
the accelerator is depressed and the torque delivered by
the engine is greater. As has been described, the pres-
sure in the conduit 172 is effective to shift the valve 1988
to the right to cause a change from second to third speeds.

The effect of the valve 222 is to limit the pressure in
the conduit 172 at a value which wil inhibit the fourth
speed or overdrive ratio fr coming into effect as long
as the accelerator is held in its kickdown position. With-
out the valve 222, the pressure P2 shown in Fig. 10
would continue to rise at a fixed value below the pressure

i6

taining the pressure Pirz at a certain maximum value does

5 not aljow this pressure to become sufficiently high to
hift the valve 132 to the right.

The effect of the manifold pressure controlled valve

152 in changing the vehicle speeds at which changes in

ratio are made is illustrated in Figs. 11 to 13. It will b

10 cbeerved that the greater the throttle is opened by th

thereby the greater the torque that the

2 exerts, and the greater is the absclyte pressure

(or in this case, the less is the v suum), In the engine air

intake cld the higher the vehicle speeds are at which

shifts are made. These figures as well as

ig specific values, of course, are not
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to causs a downshift of the transmission at substantially
iower vaiues of vehicle speed as compared with the up-
i assuming that the fluid pressures due to
actuated valve 152 and impressed on the
Is of these valves are constant. This action
32 is provided by the land 186 which enters

o
(1)

the ion 183a of the vaive casing 183. When
th in its iflustrated position there is no
30 p and 286 since this portion of the piston

O

$1: with the discharge orifice 187. When
th 1 is in its second and fourth spead position,
the tween the lands 186 and 187 connecis the

3 and 132, and the pressure in the conduit
reby impressed on both the side 1874 of the
d also on the side 1864 of the land 185, Since,
E: ent frem the drawing, the land 187 is larger
in diameter than is the land 186, the pressure in the cen-
duit 193 functions to provide an added force for holding
4V the piston in its upshifted position, that is, in its pesiticn
d to the right as seen in Fig. 7.
A similar arrangement js viilized for causing y
288 to remain in its upshifted position, that is in its posi-
tien to the right of its illusirated position, and this com-
prises the land 203 which enters the constricted portion

1%%a of the casing portion 199 when the valve is in jts
upshifted position. In the illustrated position of the valve,
the land 285 iz in communication with the discharge
orifice 214, and no pressure is exerted thereon; however,
when the valve is in iis upshifted position, fiuid pressure
which passes from the conduit 212 to the conduit 243 ba-
ds 266 and 205 is impressed on both the
f the land 286 as well a5 cn the side 2834
73, 3ince the land 286 is obviously larger
458, this pressure in the conduits 232 and
ional force for holding the valve pis-
ifted position.
. 11, 12 and 13, the difference in up-
s and downshifting vehicle speeds
I

3

e fower dotted portions of the curves
showing in each case the downshifiing shift pattern of
the transmission. This difference in shifting speeds is due
to the reasons just descri

85 The transinission is operated in reverse by shifting ihe
selector valve 127 to its reverse position which is indi-
cated in Fig. 7. In this pesition, the conduit 144 is
connccted with the condanit 3142 by nmisans of the groove
between the lands 134 and 133, T pressure is

70 thereby applied to the vistcn 87 £ g the brake
7%, and the transmissicn is there nditioned to drive
the shaft 1% in rev
speeds of the vehic
pressed against their seats 109, ang

76 conduit 184 is only sufficient to s zagz the brake

juit

i
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to which the conduit 104 is connected; however, when
the accelerator 164 is subsequently depressed, the valve
pistons 107 close against their seats 109 and increase the
pressure within the conduit 104 and the brake 71 is gradu-
ally and finally completely engaged.  The engagement of
the brake 71 to give a smooth start may be made as gradu-
ally as-desired by a corresponding gradual opening move-
mernt of the accelerator,’ as is apparent.” The shaft 16
is-under these conditions' being driven in reverse drive.

In cold weather conditions it may be desirable to cause
engagement of either the brake 52 for completing a for-
ward drive power train or the brake 71 for completing the

reverse drive power: train at higher engine speeds than

under normal conditions. - For providing this result, lands
137, 135, 134 and 132 with the notches 141, 140, 139
and 138 have been provided. By shifting the selector
valve 127 only a portion of the distance from its neutral
position to either its forward or reverse drive positions, a
connection is provided between the fluid pressure supply
conduit 142 and either of the conduits 144 or 145 through
either of the notches 139 or 140, and the conduits 144 and
145 at: the same time are. connected with the sump 20c
through "either of the grooves 138 or 141 depending
whether the transmission is conditioned for reverse or
forward drive. Such:a partial shifting of the valve 127

~thus has the effect of providing a limited communication

between either of the conduits 144 and 145 and the con-
duit 142 to provide a pressure within either of the former
conduits’ which is-a predetermined amount less than the
pressure ‘in-the conduit 142 Engagement of either of
the :brakes ‘52 or 71 for completing the forward or re-
verse drives thus does not take place until the engine speed

. is-higher than is normally required for engaging either

of ‘these. brakes. There is less chance of stalling the
vehicle ‘engine when the valve 127 is utilized in this
manner. ) ‘

Although the transmission control arrangement may be
utilized with only one fluid pump, in order that'the vehicle
engine may be started by pushing or towing the vehicle,
the second fluid pump 234 is preferably provided. This
pump is connected to the conduit 104 by means of a
conduit 235, and this pump supplies pressure to the same
control elements as does the pump 96 when it is opera-
tive. - Since, when the engine is inoperative, the shaft 17
is stationary and the valve plungers 107 do not engage
with their seats 109, it is necessary to close the drain con-
duit 238 for the centrifugal clutch mechanism 95. -This
may be done by means of the valve 240 selectively actuated
in any suitable way. With the valve 240 closed, rota-
tion of the driven shaft 16 as by pushing or towing the
vehicle will cause the pump 234 to deliver fluid for engag-
ing the brake 52, for example, for completing a forward
drive power train through the transmission.

The transimission is lubricated by means of the conduit
241 which extends through the shafts 17, 18 and 16 and
the casing portion 20a. .- This conduit is connected to the
pressure conduii 143 and an orifice 242 is provided
between the conduits' 143 and 241 for limiting the flow
through the conduit 241, The friction brake band 54
is cooled by fluid discharged from the centrifugal valve
mechanism 95 through the conduit 238. This fluid is
discharged into the trough 239 disposed to conduct fluid
between the two ends-of the band 54, and the fluid there-
after flows through the internal groove provided in the
internal surface of the band. -It will -be noted that the
valve ‘mechanism 95 normally- discharges fluid when- the
vehicle is - being -started. “As has been explained, this
results .in ‘a-lower pressure within the ‘conduit 104 and
causes only enough engagement of the brake band so that
only a slipping engagement is obtained. It is at- this
time in particular that cooling of the band 54 is necessary,
and: it is at just-this time that the valve mechanism 95
provides cooling fluid for the band. - This same arrange-
ment can also be used in connection with the brake 71
so that the band 73 is cooled for a start in' reverse, and
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if desired, the band 46 may also be cooled in this manner.

As has been described, the manifold vacuum pressure
valve 152 provides a fluid pressure within the conduit 104
that varies with the torque being transmitted by the
vehicle engine assuming that the speed of the engine is
high- enough to maintain the valve plungers 107 closed
on their seats 109. When the accelerator 164 is com-
pletely released when descending hills, there would be
danger of the valve 152 providing insufficient fluid pressure
to maintain the friction bands and clutch, as the case may
be, engaged for maintaining a drive through the trans-
mission ‘unless some means are provided for limiting the
lowest pressure. to- be -exerted on the diaphragm 150.
I have provided such a limiting ‘means in the valve 158.
When the pressure within the conduit 151 decreases below
a predetermined value, the ball 159 is drawn off its seat
169 against the action of the spring 161 to admit air into’
the conduit 151, This valve 158 is thus effective for caus-
ing at least a sufficient fluid pressure to be present in the
conduit 104 which will assure engagement of the bands
and clutch, as the case may be, under these conditions.
The effect of the valve 158 on the pressure in the conduit
104 is indicated by the lowest horizontal portion of the
curve in Fig. 9 showing the fluid pressure when a 6%2
Ib. per sq. in. absolute pressure is impressed on the dia-
phragm 150.

Referring to Fig. 14, the illustrated embodiment of the
control arrangement includes the substitution of a simple
sharp edged orifice 250 for the centrifugal valve unit 95.
I have found that the flow of fluid through this orifice
causes very nearly the same increase of fiuid pressure
within the conduit 104 as does the centrifugal valve
mechanism 95. © This is due to the increased flow of fluid
through the orifice with increase of speed of the shaft 17
and of the vehicle engine and also due to the fact that
at high speeds of the shaft 17, the proportionate discharge.
of fluid through the orifice as compared to the output
from -the drive shaft pump is substantially negligible.
The arrangement_shown in this figure is otherwise the
same as the embodiment that has just been described.

Referring to Fig. 15, a different type of gear set is
illustrated for the use in connection with the above de-
scribed .controls. This gear set comprises a drive shaft
260, a driven shaft 261, an overdrive gear set 262 and
an underdrive gear set 263, with the gear sets 262 and 263
being. connected in tandem between the shafts 260 and
261. :

The overdrive gear set 262 comprises a ring gear 264,
a sun gear 265, planet gears 266 (one being shown in: the
drawing) - in-mesh with the sun and ring gears and a
planet gear carrier 267 for the gears 266.

The sun gear 265 constitutes the reaction element of
the gear set, and the sun gear carries a brake drum 268
on which a brake band 269 is adapted to operate. A
one-way - clutch 270 is provided effectively ‘between the
carrier 267 and the sun gear 265, and.this comprises roll-
ers 271 adapted to engage oppositely disposed cam sur-
faces 272 and 273 formed respectively on the carrier and
sun .gear, with the cam surfaces being so arranged that
when the shaft 260 drives, the one-way clutch 271 engages
so as to drive the ring gear 264, with the parts 264, 265,
266 and 267 all rotating as a unit in locked up condition.

The underdrive gear unit 263 comprises sun gears 274,

275 and.276. The sun gear 274 is formed on the shaft
261, as shown. A friction brake comprising a brake band
277 acting on a brake drum 278 is provided for the sun
gear 275, and a friction brake comprising a brake band
279 acting on a brake drum 280 is provided for the sun
gear 276.
- The gear set 263 comprises planet gears 281 (one being
shown in the drawing) having gear portions 282, 283 and
284 which are respectively in mesh with the sun gears
274, 275 and 276. The planet gears 281 are rotatably
disposed on a planet gear carrier 285 which. is connected
with the ring gear 264, ‘
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A friction clutch comprising clutch plates 286 and 287
is provided for frictionally connecting the brake drum 278
and the brake drum 280 for locking together the sun gears
275 and 278. The friction clutch comprises a stationary
pressure plate 288 and a movable pressure plate 289,
and the latter pressure plate is adapted to be acted on
by a fluid pressure operated piston 290.

The three friction brake bands. 269, 279 and 277 are
intended to be operated by fluid pressure responsive
motors similar to the brake bands 46, 54 and 73 in the
first embodiment of the invention, and the motors for
acting on the bands 269, 27% and 277 are connected in
the fluid diagram of Fig. 7 in the same manner as are
the fluid motors for the three bands 46, 73 and 54 respec-
tively. The piston 290 for engaging the friction clutch
for connecting the two sun gears 275 and 276 is connected
in the same manner as is the piston 59 in the first embodi-
ment of the invention.

The transmission illustrated in Fig. 15 provides four
speeds in forward and a drive in reverse, similar to the
first illustrated embodiment of the invention. Low speed
forward drive is provided with the band 269 disengaged
and the band 277 engaged. The planet gear set 262 has
all of its parts rotating together as a unit with these parts
held in such relation by the one-way clutch 270, and the
planet gear carrier 285 is thus driven at the same speed
as the drive shaft 260. With the sun gear 275 held sta-
tionary, the planet gear unit 263 functions to drive the
driven shaft 261 at a low speed underdrive with respect
to. the carrier 285, and the transmission as a whole is in
low or first speed. A change in driving ratio to second
speed forward drive is obtained by engaging the brake
band 269 so that the planet gear unit 262 drives its ring
gear 264 at an overdrive with respect to the drive shaft
260, and the transmission as a whole is in second speed
forward drive.

A change in the driving ratio into direct or third speed
forward drive is obtained by engaging the friction clutch
for coupling together the two sun gears 275 and 276, and
the brake band 269 is disengaged. The planet gear unit
263 is then in direct drive, and the planet gear unit 262
is also in direct drive with the drive proceeding through
the one-way clutch 271, so the transmission as a whole
is in direct drive with the shaft 261 being rotated along
with and at the same speed as the drive shaft 260. A
change in the driving ratio into overdrive or fourth speed
forward drive is obtained by engaging the brake band
269 so that the planet gear set 262 is then effective to drive
its driven element, the ring gear 264, at an overdrive, and
the transmission as a whole is then in overdrive.

With the fluid pressure motors for the brake bands 269,
279 and 277 connected as above described in lieu of the
motors for the bands 46, 54 and 73 in the first embodi-
ment and with the clutch fluid pressure responsive motor
290 being connected as is the motor 59 for the clutch 55
in the first embodiment, the second embodiment of the
invention illustrated in Fig. 15 will operate in the same
manner as does the first embodiment, as will be apparent.

My improved transmission advantageously utilizes a
fluid pressure operated brake, either the brake 52 or the
brake 277 for completing a power train through the trans-
mission for starting the vehicle in which the transmission
is installed. The brake is engaged by a speed responsive
device, such as the centrifugal valve mechanism 95 or the
orifice 250, so that the brake engages gradually as the
speed.of the drive shaft of the transmission increases,
and this gives a smooth and pleasing start to the vehicle.
The brakes and clutches in the transmission embodiments
are also made pressure responsive to the pressure in the
manifold of the vehicle engine which pressure varies with
the torque transmitted by the engine. It is contemplated
that by this means, just sufficient fluid pressure is applied
to the brake and clutch engaging motors so as to give a
sure engagement for the amount of torque being trans-
mitted by the vehicle engine, and by this.means smooth
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engagements of the friction brakes and clutches for com--
pleting the various higher speed drives ‘are obtained. It
will be noted that a common fluid pressure supply which-
is regulated both by the centrifugal valve mechanism 95
or orifice 250 and by the manifold pressure operated
valve 152 is provided for the threefold purpose of engag-
ing a friction engaging element for starting the vehicle,:
shifting the shiftable valves 182 and 198 and providing
an engaging pressure for the friction engaging elements
upshifting the transmission that increases with engine
torque. The connection to the manifold by the valve 152
for regulating in accordance with engine torque eliminates
the trouble which has been experienced with throttle
linkages and their adjustments and provides an oil pres-
sure more nearly proportional to the torque of the engine
than a throttle linkage could give.

In order that the manifold pressure operated regulating
valve 152 is not effective to reduce the fluid pressure too
greatly when the engine is driving at little or no torque,
as when the vehicle is descending hills, I have provided
the limiting valve 158 which limits the lowermost pressure
which may be applied on the diaphragm 150 acting on
the valve 152. Incidentally, after the transmission has
thus once been placed in one of its speed ratios, the fluid
pressure applied to the motors for the friction brakes or
clutches does not thereafter decrease sufficiently to allow
slippage of the brakes or clutches regardless of the torque
with which the engine is driving.

As has been explained, the.regulating valve 152 pro-
vides just sufficient fluid pressure so that there is no
danger of slippage of the friction brakes or clutches after
the valves 184 and 200 have been effective to shift the
transmission into one of its speed ratios. The transition
plunger 216 has been provided in order to momentarily
reduce this pressure so that a smooth engagement of the
friction brake or clutch which is being engaged to com-
plete a power train is obtained. This transition plunger
acts on the regulating valve 152 and against the spring
156, as has been described. The use of the piston 216
effective when a change in the driving ratio is made is
more consistent than the general practice of controlling
the flow of oil with orifices in the fiuid line supplying the
operators for the friction brakes or clutches, since the
plunger 216 always involves the same displacement -of
fluid regardless of facings wear and is not effected by
leaks at rotating seals. Also, it does not prevent the
rapid takeup of release clearance as the conventional
method does.

An advantageous arrangement of shiftable valves 184
and 208 has also been provided. One of these valves,
valve 200, has been provided for causing ratio changing
in the planetary unit 24 in the first. embodiment of the
invention and the other valve, valve 184, has been pro-
vided for causing ratio changing in the other change
speed unit 23 which is connected in séries or tandem with
the first. Due to the fact that the governor valve 112 is
connectible with both valves 184 and 200, and the con-
nection with the valve 184 is dependent on the valve 200,
only these two shiftable valves are required for three
changes of ratio. The same fluid pressure regulated in
accordance with torque by the regulating valve 152 is
provided for acting on one end of each of these shiftable
valves, as has been described, and fluid pressure regu-
lated according to the speed of the driven shaft of the
transmission is provided for acting on the other ends of
these valves so that operation of both in accordance with
torque transmitted by the engine and also in accordance
with the speed of the driven shaft is obtained.

In order that for the same torque transmitted by the
engine, a downshift is obtained at a lower speed ratio
than an upshift for each of the shiftable valves 184 and
200, I have provided the stepped portions.186 and 205
respectively on the valves. These stepped portions are
so. effective when either of the valves. is in its upshifted
position. to prohibit a downshifting movement of the
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valve until the fluid pressure regulated by the governor
mechanism driven by -thé driven shaft has decreased to
a lower value than is necessary for upshifting the valve.
This arrangement prohibits any hunting. that might cccur
by the shiftable valves 184 and 200 if they were arranged
to-upshift. and downshift at the same-governor speeds.
" Although the shifting of the shiftable valves 184-and
200 is responsive to the torque transmitted by the engine
due -to the fluid pressure regulated by the valve ‘152
impressed on the right ends of these valves, I have never-
theless provided over control means for these valves to
render them shiftable under the control of the wvehicle
accelerator. - The extra performance valve 163 is provided
for this purpose, and as has been- explained, when the
accelerator is moved to an open throttle kickdown posi-
tion, the resulting movement of the extra performance
valve results in a lowering of the fluid pressure from the
governor valve 112 by a predetermined amount. - The
result of this action of this valve is that upshifts are ob-
tained only at predetermined higher speeds of the driven
shaft than normally, and for the same speed of the driven
shafts the transmission will be downshifted to provide
extra torque, which the vehicle operator commonly de-
sires when he moves his accelerator to completely open

‘throttle position. The limit valve' 222 on the fluid pres-

sure output of the governor valve 112 is effective to limit
this fluid pressure impressed on the shiftable valves 184
and 200 to a predetermined value which will inhibit the
transmission from being in its high: speed ratio when the
accelerator is at its open throttle kickdown position.  This
is also a desirable result.

During cold weather, it is desirable that completion of
the starting power train through the transmission be de-
layed until the engine has reached higher speeds of opera-
tion than normally, in order that the engine be not

" stalled. With my improved transmission -control, this

result is obtained by providing the portings 138, 139, 140
and 141 on the manual control valve 127, which when
the valve is midway between ‘its neutral and its forward
and reverse positions allow ‘a bypassing to the sump of
a portion of the fluid discharged by the pump 96. The
centrifugal valve mechanism 95-or the orifice 250 must
under these conditions provide a higher pressure which
would result from a higher speed of rotation of the drive
shaft 15 for an engagement of the starting power train
to be effected.

In order that the vehicle engine may be started. by
pushing or towing the vehicle, in case for example the
electrical system of the vehicle should fail, I have pro-
vided the driven shaft pump 234 and the valve 240.
Since when the vehicle engine is inoperative, the cen-
trifugal valve mechanism 95 is open, no pressure would
be ‘available unless the discharge from' the centrifugal
valve mechanism is blocked, and the valve 240 satisfies
this requirement. The valve 240 is closed ‘when. it is
desired to start the engine by towing or pushing it, and
the driven’ shaft pump is then effective to provide the
necessary pressure for engaging the forward starting
friction brake 52 or the other power train completing
friction clutches or brakes. ‘

The pressure regulating valve 152 is so constructed
that it provides a pressure regulating action which is sub-
stantially independent of the volume of fluid being trans-
mitted by the pumps 96 and 234. This advantageous func-
tion I ascribe to the conmstruction of this valve and its
arrangement with its seat-155 with the valve face 1534
overlying the seat, as has been shown and described.
An ‘advantageous working of the engine driven pump 96
is obtained due to its connection with the valve 152 and
sump 20c¢.. The discharge from the regulating valve 152
is directed into the inlet side of the pump rather than
into the sump, and it is only the difference between the
pump requirements and the discharge from the regulating
valve 152 that is taken from the sump, and thus the un-
necessary foaming and churning of the fluid that would
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be obtained if the full requirements of the pump were
taken from the sump is not obtained.

An advantageous cooling arrangement is provided for
the starting brakes 52 and 71. This includes the circum-
ferential grooves formed in the inner surfaces of the
brake bands through which the discharge from the cen-
trifugal mechanism 95 or the orifice 250 is conducted.
The brakes 52 and 71 are normally slipping when the
centrifugal valve, for example, is open, and thus the
valve mechanism: provides the cooling fluid at just the
time when needed. :

In liev of the centrifugal valve mechanism 95, I have
also provided as an alternative the orifice 250 which may
be used instead for providing substantially the same brake
engaging results for starting the vehicle.. This is a con-
siderably simpler construction.

I' have also provided improved gear sets for use in
connection with my transmission.controls which not only
provide ratios that are suitably spaced for driving an
ordinary automotive vehicle but which are simple in con-
struction - and economical to ‘manufacture. It is con-
sidered advantageous my mechanical units have no me-
chanical devices, such as synchronizers, pawls, cams, or-
sliding . gears, for the driver to manipulate. The. only
connection - with. the’ engine is the splined fitting -at the
flywheel with the engine crankshaft and a pressure line
from the manifold. The only two controls for the driver
to operate -are the manual selector valve 127 with a
finger tip control lever 128 and the accelerator.

I wish it to be understood that my invention is not to
be limited to the specific constructions, arrangements and
devices shown and described, except only insofar as the
claims may be ‘limited, as it will be apparent to those
skilled in ‘the art that ‘changes may be made without
departing from the principles of the invention.

In the construction of the appended claims, I wish it
to be particularly understood that where I refer to engag-
ing means, I intend to include by such terminology both
brakes and clutches. ’ :

1 claim:

1. In transmission mechanism for an automotive. ve-
hicle having a driving engine with an intake manifold the
pressure in which varies with the torque transmitted by
the engine, the combination of a drive shaft adapted to
be driven by the engine, a driven shaft, means for pro-
viding power trains between said shafts of different speed
ratio -and each power train including a fluid pressure
operated friction engaging’ means for completing the
train, means providing a common fluid pressure source
for said friction engaging means and controlled by the
speed of said drive shaft at low speeds thereof, and ac-
cording to variations in torque of said engine at-higher
speeds of the drive shaft, said last-named means including
a pump driven by one of said shafts, a centrifugal valve
operated by said drive shaft for relieving the fluid pres-
sure output of said pump, and a valve connected with the
engine manifold ‘and controlled by variations in pressure
therein, also connected with the pump for relieving the
pressure of -fluid discharged by the pump, and valve
means for connecting said fluid pressure operated. fric-
tion engaging means individually with said pump accord-
ing to the position of the valve means whereby one of
said friction engaging means may be engaged to com-
plete an initial power train through the transmission ac-
cording to the speed of said engine and said drive shaft,
and another of said friction engaging means for a higher
ratio power train between said shafts may be engaged
with an engagement which is variable with engine torque.

2. In transmission mechanism, the combination of a
drive shaft, a driven shaft, means for providing power
trains between said shafts of  different speed ratio and
each power train including a fluid pressure operated fric-
tion engaging means for completing the train, a'shiftable
valve for connecting a fluid pressure source with various
of said friction engaging means for changing the speed
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ratio through the transmission mechanism, and means
providing a common fluid pressure source for said fric-
tion engaging means and said shiftable valve controlled
by the speed of said drive shaft at low speeds thereof for
initially applying one of said friction engaging means to
complete a low speed ratio power train between said
shafts, and controlled by the torque on said drive shaft
at higher speeds of the shaft for applying a drive shaft
torque variable shifting force to said shiftable valve, and
for providing a drive shaft torque controlled variable en-
gagement of another friction engaging means for a higher
speed ratio.

3. In transmission mechanism, the combination of a
drive shaft, a driven shaft, means for providing power
trains between said shafts of different speed ratio and
each power train including a friction engaging mecans for
completing the train, a shiftable member having a plu-
rality of positions for controlling engagement of various
of said friction engaging means to complete different

power trains through the transmission mechanism, means ¢

for engaging one of said friction engaging means accord-
ing to the speed of said drive shaft for initially completing
one of said power trains through the transmission mech-
anism, and means responsive to the torque on said drive
shaft for applying a shift force on said shiftable member,
and for providing an engagement of the friction engaging
means selected by said shiftable member with a pressure
continuously variable with the torque on said drive shaft.

4. In transmission mechanism, the combination of a
drive shaft, a driven shaft, means for providing power
trains between said shafts of different speed ratio and
each power train including a fluid pressure operated fric-
tion engaging means for completing the train, a shiftable
valve adapted to connect different ones of said friction
engaging means with a source of fluid in the various posi-
tions of the valve, and means providing a common fluid
pressure source for said friction engaging means and for
said valve, said last-named means including a pump, a
fluid flow restricting means for relieving the fluid pressure
discharged by the pump and responsive to the. speed of
the drive shaft at low speeds thereof for initially applying
one of said friction engaging means to complete a low
speed power train between said shafts, and a second fluid
flow restricting means responsive to the torque on said
drive shaft at higher speeds thereof for applying a drive
shaft torque variable shifting force to said shiftable valve
and for providing a drive shaft torque controlled variable
engagement of another friction engaging means for a
higher speed ratio.

5. In a transmission for an automotive vehicle having
a driving engine with an intake manifold the pressure in
which varies with the torque transmitted by the engine,
the combination of a drive shaft adapted to be driven by
the engine, a driven shaft, means for providing power
trains between said shafts of different speed ratios and
each power train including a fluid pressure operated fric-
tion engaging means for completing the train, a shiftable
valve adapted to connect a source of fluid with various of
said friction engaging means in its different positions for
changing the speed ratio through the transmission, and
means providing a common fluid pressure source for said
friction engaging means and for said shiftable valve con-
trolled by the speed of said drive shaft at low speeds
thereof for initially engaging one of said friction engag-
ing means to complete a low speed ratio power train be-
tween said shafts, and controlled according to the pres-
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sure in said manifold and thereby according to the torque

on said drive shaft at higher speeds of the drive shaft for
applying an engine torque variable shifting force to the
shiftable valve for shifting it to a higher speed ratio posi-
tion, and for providing an engine torque controlled varia-
ble engagement of another friction engaging means for a
higher speed ratio.

6. In a transmission for an automotive vehicle having
a driving engine with an intake manifold the pressure in

70

-3
(=13

24

which varies with the torque transmitted by the engine,
the combination of a drive shaft adapted to be driven by
said engine, a driven shaft, means for providing power
trains between said shafts of different speed ratio and
cach power train including a fluid pressure operated fric-
tion engaging means for completing the train, a shiftable
valve for connecting various of said friction engaging
means with a source of fluid in various positions of the
valve for shifting the transmission in various speed ra-
tios, and means providing a common fluid pressure source
for said friction engaging means and for shifting said
shiftable valve, said last-named means including a pump,
a fluid flow restricting means for relieving the fluid pres-
sure discharged by the pump and responsive to the drive
shaft speed at low speeds thereof for engaging one of
said friction engaging means according to drive shaft
speed to provide an initial low speed ratio between said
shafts for starting the vehicle, and a valve for relieving
the fluid pressure discharged by the pump and connected
to be operated by the pressure in the manifold for pro-
viding a fluid pressure variable with the engine torque at
higher speeds of the drive shaft tending to shift the shift-
able valve and for providing an engine torque controlled
variable engagement of another friction engaging means
for a higher speed ratio.

7. In a transmission for an automotive vehicle having
a driving engine with an intake manifold the pressure in
which varies with the torque transmitted by the engine,
the combination of a drive shaft adapted to be driven by
the engine, a driven shaft, means for providing power
trains between said shafts of different speed ratio and each
power train including a fluid pressure operated friction
engaging means for completing the train, a shiftable valve
adapted to connect a source of fluid pressure with various
ones of said friction engaging means in different positions
of the valve for changing the transmission between its
ratios, and means providing a common fluid pressure
source for said friction engaging means and for said shift-
able valve controlled by the speed of said drive shaft at
low speeds thereof and according to the engine torque at
higher speeds of the drive shaft for initially engaging one
of said friction engaging means to complete a low speed
ratio power train between said shafts according to the
speed of the drive shaft for starting the vehicle and for
applying a shifting force to the shiftable valve and an
engaging pressure to one of said engaging means for
completing a higher speed ratio power train which- vary
according to the engine torque, said last-named means
including a pump driven by said drive shaft, centrifugal
valve means for throttling the fiuid pressure output of said
pump and driven by said drive shaft, and a pressure
responsive valve connected with said manifold so as to
be responsive to the pressure therein and relieving the
fluid pressure discharged by said pump.

8. In a transmission for an automotive vehicle having
a driving engine with an intake manifold the pressure in
which varies with the torque transmitted by the engine,
the combination of a drive shaft adapted to be driven by
the engine, a driven shaft, means for providing power
trains between said shafts of different speed ratio and
each power train including a fluid pressure operated fric-
tion engaging means for completing the train, a shiftable
valve for connecting various of said friction engaging
means with a source of pressure in the different positions
of the valve, and means providing a common fluid pres-
sure source for said friction engaging means and for said
shiftable valve controlled by the speed of said drive shaft
at low speeds thereof for initially engaging one of said
friction engaging means according to the drive shaft speed
for completing a low speed ratio power train between
said shafts, and controlled in accordance with the mani-
fold pressure at higher speeds of said drive shaft for
applying an engine torque controlled variable shifting
force to the shiftable valve, and for applying an engine
torque controlled variable engaging pressure to a friction
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éfigaging means for a higher speed ratio, said last-named
means including a pump driven by said drive shaft, means
providing an orifice for relicving the fluid pressure dis-
charged by said pump and regulating the pressure accord-
ing to the speed of the drive shaft, and a pressure respon-
sive valve for also: relieving the fluid pressure discharged
by said pump and connected with said manifold for regu-
lating the fluid pressure according to the engine torque at
higher speeds of the drive shaft.

9. In transmission mechanism, the combination of a
drive shaft, a driven shaft, means for providing power
trains between said shafts of different speed ratio and
each power train including a fluid pressure operated fric-
tion engaging means for completing the train, a shiftable
valve for connecting a fluid pressure source with various
of said friction engaging means for changing the speed
ratio through the transmission mechanism, means pro-
viding a common fluid pressure source for said friction
engaging means and said shiftable valve controlled by
the speéd of said drive shaft at low speeds thereof for
initially applying one of said friction engaging means to
complete a low speed ratio power train between said
shafts, and controlled by the torque on said drive shaft
at higher speeds of the shaft for applying a drive shaft
torque controlled variable shifting force to said shiftable
valve, and for providing a drive shaft torque controlled
variable engagement of another friction engaging means
for a higher speed ratio, and fluid pressure means respon-
sive to the speed of said driven shaft for applying a fluid
pressure. to said shiftable valve varying with the driven
shaft speed tending to shift the valve to a higher speed
ratio position, said fiuid pressure variable with drive shaft
torque tending to shift said valve to a lower ratio pos1-
tion.

-10. In transmission mechanism, the combination of a
drive shaft, a driven shaft, means for providing power
trains between said shafts of different speed ratio and
each power train including a friction engaging means for
completing the train, a shiftable member having a plu-
rality of positions for controlling engagement of various
of said friction engaging means to complete different
power trains through the transmission mechanism, means
for engaging one of said friction engaging means accord-
ing to the speed of said drive shaft for initially com-
pleting one of said power trains through the transmission
mechanism, means responsive to the torque on said drive
shaft for applying a shift force on said shiftable member
and for providing an‘engagement of the friction engaging
means selected by said shiftable member with a pressure
corresponding to the torque on said drive shaft, and
means responsive to the speed of said driven shaft for ap-
plying a shift force on said shiftable member tending to
move it to a higher speed ratio position, said first-named
member shifting means responsive to drive shaft: torque
tending to- shift the shiftable member to a lower speed
ratio position.

11. In transmission mechanism, the combination of a
drive shaft, a driven shaft, means for providing power
trains between said shafts of different speed ratio and
each power train including a fluid pressure operated fric-

tion engaging means for completing the train, a shiftable

valve adapted to connect different ones of said friction
engaging means with a source of fluid in the various posi-
tions of the valve, means providing a common fluid pres-
sure source for said friction engaging means and for said
valve, ‘said last-named means including a pump, a fluid
flow restricting means for rehevmg the fluid pressure dis-
charged by the pump and responsive to the speed of the
drive shaft at low speeds thereof for initially applying
one -of ‘said friction engaging means to complete a low
speed power train between said shafts and a second fluid
flow restricting means. responsive to ‘the torque on said
drive shaft at higher speeds thereof for applying a-drive:
shaft torque variable shifting force to said shiftable valve,’
and for providing a drive shaft torque controlled Variable
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engagement of another friction engaging means' for ‘a
higher speed ratio, and fluid pressure means including a
hydraulic governor for providing a fluid pressure variable
with the speed of said driven shaft and applied to said
shiftable valve tending to shift the valve to a higher
speed ratio position, said common fluid pressure source
providing a pressure tending to shift the shiftable valve
to a lower speed ratio position.

12. In a transmission for an automotive vehicle having
a driving engine with an intake manifold the pressure.in
which varies with the torque transmitted by the engine,
the combination of a drive shaft adapted to be driven
by the engine, a driven shaft, means for providing power
trains between said shafts of -different speed ratio and
each power train including a fluid pressuré operated
friction engaging means for completing the train, a shift-
able valve adapted to connect a source of fluid with
various of said friction engaging means in its different
positions for changing the speed ratio through the trans-
mission, means providing a common fluid pressure source

" for said friction engaging means and for said shiftable
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valve controlled by the speed of said drive shaft at low
speeds thereof for initially engaging one of said friction
engaging means to complete a low speed ratio power train
between said shafts, and controlled according to :the
pressure in said manifold and thereby according to the
torque. on said drive shaft at higher speeds of the drive
shaft for applying an engine torque controlled variable
shifting -force to the shiftable valve, and for providing
an engine torque variable engagement of another friction
engaging means for a higher speed ratio, and means pro-
viding a variable fluid pressure according to the speed of
said driven shaft and including ‘a hydraulic. governor
driven by said shaft and applying a fluid pressure to said
shiftable valve tending to shift the valve to a higher speed
ratio position, said common pressure source providing
a fluid pressure tending to'shift the valve to a lower speed
ratio position.

13. In a transmission for an automotive. vehicle having
a driving engine with an intake manifold the pressure in
which varies with the torque transmitted by the engine,
the combination of a drive shaft adapted to be driven by
the engine, a driven shaft, means for providing power
trains between said shafts of different speed ratio and
each power train including a fluid pressure operated fric-
tion engaging means for completing the train, a shiftable
valve adapted to connect a source of fiuid pressure with
various ones of said friction engaging means in different
positions of the valve for changing the transmission be-
tween -its ratios, means providing-a common fluid pres-
sure source for said friction engaging means and for
said shiftable valve controlled by the speed of said drive
shaft at low speeds thereof, and according to the engine
torque at higher speeds of the drive shaft, for initially
engaging one of said friction engaging means to complete
a low speed ratioc power train between said' shafts ac-
cording to the speed of the drive shaft for starting the
vehicle and for applying a shifting force to the shiftable
valve and an engaging pressure to one of said engaging
means for completing a higher speed ratio power train
which vary -according. to- the engine torque, said last-
named means including a pump driven by said drive shaft,
centrifugal valve means for. throttling the fluid pressure
output of said pump and driven by said drive shaft, and
a pressure responsive valve connected with said manifold
so as to be responsive to the pressure therein- and re-
lieving the fluid pressure discharged by said pump, and
fluid pressure means responsive to the speed of said
driven shaft and including a hydraulic governor driven
by this shaft for applying a fluid pressure to said shift-
able valve tending to shift the valve to a higher speed
ratio position, said common pressure source providing
a fluid pressure tending to shift the shiftable valve to a
lower speed ratio position.
.14, In a transmission for an automotive vehicle having
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a driving engine with an intake marifold the pressure in
which varies with the torque transmitted by the engine,
the combination of a drive shaft adapted to be driven,
by the engine, a driven shaft, means for providing power
trains between said shafts of different speed ratio and
each power train including a fluid pressure operated fric-
tion engaging means for completing the train, a shiftable
valve for connecting various of said friction engaging
means with a source of pressure in the different positions
of the valve, means providing a common fluid pressure
source for said friction engaging means and for said
shiftable valve controlled by the speed of said drive
shaft at low speeds thereof for initially engaging one of
said friction engaging means according to the drive shaft
speed for completing a low speed ratio power train be-
tween said shafts, and controlled in accordance with the
manifold pressure. at higher speeds of said drive shaft
for applying an engine torque variable shifting force to
the shiftable valve, and for applying an engine torque

controlled variable engaging pressure to a friction en- ¢

gaging means for a higher speed ratio, said last-named
means including a pump driven by said drive shaft, means
providing an orifice for relicving the fluid pressure dis-
charged by said pump and regulating the pressure accord-

ing to the speed of the drive shaft, and a pressure respon-

sive valve for also relieving the fluid pressure discharged
by said pump and connected with said manifold for regu-
lating the fluid pressure according to the engine torque
at higher speeds of the drive shaft, and fluid pressure
operated means varying according to the speed of said
driven shaft and including a hydraulic governor driven
by the driven shaft for applying a fluid pressure to said
shiftable valve tending to shift the valve to a. higher
speed ratio position, the fluid pressure from said common
pressure source tending to shift said shiftable valve to a
lower speed ratio position.

15. In a transmission, the combination of a drive shaft,
a driven shaft, means for providing a power train be-
tween said shafts and including a planetary gear set and
a brake for an element of the gear set for completing the
power train when engaged, means for engaging. said
brake according to the speed of one of said shafts and
including speed _responsive governing means driven by
said shaft, and means for operatively connecting said
brake and said governing means, and means for varying
the torque transmitting capacity of said brake in accord-
ance with the torque on said drive shaft.

16. In a transmission, the combination of a driving
shaft, a driven shaft, means for providing a power train
between said shafts and including a planetary gear set
and a friction brake for an element of the gear set for
completing the power train when engaged, a source of
fluid pressure, fluid pressure responsive means for en-
gaging said brake and adapted to be connected with said
fluid pressure source, means effective on said fluid pres-
sure source for varying the pressure delivered thereby to
said fluid pressure responsive brake engaging means ac-
cording to the speed of one of said shafts and including
a speed responsive device driven by said shaft, and means
for varying the torque transmitting capacity of said brake
in accordance with the torque on said drive shaft.

17. In a transmission for an automotive vehicle having
a driving engine with an intake manifold the pressure in
which varies with the torque transmitted by the engine,
the combination of a drive shaft, a driven shaft, means
for providing a plurality of power trains of different speed
ratio between said shafts, means for changing the trans-.
mission between its various speed ratios and. including
engaging means completing the various speed ratios and
a valve having a position corresponding to each of the
speed ratios, a source of fluid pressure, means for apply-
ing said fluid pressure to said valve for shifting the valve
from one of its said positions to another, and means
connected with said intake manifold for regulating the
pressure of fluid applied to said changing means for
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shifting the valve between its various positions and for
varying the torque transmitting capacity of the engaging
means in accordance with the pressure within said
manifold.

‘18. In a transmission for an automotive vehicle having
a driving engine with an intake manifold the pressure in
which varies with the torque transmitted by the engine,
the combination of a drive shaft, a driven shaft, means
for providing power trains of different speed ratio between
said shafts, means for changing the transmission between
its various speed ratios and including a shiftable valve
baving a position corresponding to each of the speed
ratios, a source of fluid pressure including a pump adapted
to be connected to one end of the shiftable valve for shift-
ing the valve, means for regulating the pressure of the
fluid from said pump and applied to said shiftable valve
in accordance with the manifold pressure and including a
regulating valve connected with said manifold and con-
trolled by the pressure therein, and governing means
driven by said driven shaft for applying a fluid pressure
to the other ead of said shiftable valve which varies in
accordance with the speed of the driven shaft.

19. In a transmission for an automotive vehicle having
a driving engine with an intake manifold the pressure in
which varies with the torque transmitted by the engine,
the combination of a drive shaft, a driven shaft, means
for providing a power train between said shafts and includ-
ing a friction engaging means for completing the power
train when engaged, means connected with said manifold
and responsive to the pressure in the manifold for engag-
ing said engaging means and for applying an engaging
pressure which varies according to the pressure in the
manifold, said last-named means including a pressure
responsive diaphragm connected with the manifold, and
means for limiting the pressure impressed on said dia-
phragm to a predetermined minimum value for thereby
limiting the engaging pressure to at least a minimum
value.

20. In a transmission for an automotive vehicle hav-
ing a driving engine with an intake manifold the pressure
in which varies with the torque transmitted by the engine,
the combination of a drive shaft, a driven shaft, means
for providing a power train between said shafts and
including a friction engaging means for completing the
power train when engaged, a fluid pressure responsive
motor for engaging said engaging means, a source of fluid
pressure including a pump adapted to be connected to
said motor, a fluid pressure regulating valve for regulat-
ing the pressure of the fluid discharged from said pump
and applied to said motor, said regulating valve being
connected with said engine manifold for thereby regu-
lating the fluid pressure in accordance with the manifold
pressure, and a fluid pressure operated plunger effective
on said regulating valve and arranged to temporarily
operate on said valve when the transmission is being
shifted to complete said power train for temporarily-
reducing the fluid pressure on said motor.

21. In a transmission for an automotive vehicle having
a driving engine with a fuel intake manifold the pres-
sure in which varies with the torque transmitted by the
engine, the combination of a drive shaft, a driven shaft,
means for providing a plurality of power trains between
said shafts each including a friction engaging means for
completing the respective power train when engaged, a
fluid pressure motor for engaging each of said engaging
means, a source of fluid pressure including a pump driven
by one of said shafts and adapted to be connected to said
motors, a fluid pressure regulating valve connected with
said manifold to be controlled by the pressure in the manij-
fold for regulating the pressure applied to either of said
motors in accordance with the manifold pressure, a shift-
able valve for shifting the transmission from one speed
ratio to another by operatively connecting one of said
motors with said fluid pressure source and disconnecting
the other motor with said source, and means for initially
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reducing the fluid pressure applied to-the motor for the
engaging means completing a power train when a shift
of the transmission is being made for allowing an initial
slip of engaging means and including a plunger effective
on said regulating valve and having fluid pressure applied
thereto temporarily during a shift of said shiftable valve.

22. In a transmission, the combination of a drive shaft,
a driven shaft, two change-speed units connected in series
between said shafts, a hydraulic shift valve connected
with each of said units. and each of the valves being
movable between a pair of positions for- shifting the
respective unit between its speed ratios, and a pair of hy-
draulic governors driven by one of said shafts and each of
the governors providing a fluid pressure that varies accord-

_ing to the speed of the shaft, one of said governors being

connected with one -of 'said valves when the other valve
occupies one of its positions and the other of said gover-
nors being connected with the other of said valves for shift-
ing the respective valves, said other governor being con-
nected with said one valve and said one governor being
disconnected from said valve when the other valve occu-
pies its other position.

23. In a transmission, the combination of a drive shaft,
a driven shaft, first and second change-speed units con-
nected in tandem between said shafts, hydraulic means
for shifting the change-speed units between their speed
ratios and including a first hydraulic valve effectively
connected with said first unit and a second hydraulic
valve effectively connected with said second unit, first
and second hydraulic governors driven by said driven
shaft and providing a fluid pressure that varies in accord-
ance with the speed of the driven shaft, said first governor
being connected with said first shift valve and said first
governor being connected with said second shift valve,
and means for connecting said second governor with said
first valve and controlled by said second valve to provide
such connection only when said. second valve has been
shifted by said second governor to its high-speed ratio
position.

24. In a transmission, the combination of a drive shaft,
a driven shaft, a pair of change-speed units connected
in tandem between said shafts, each of said units pro-
viding a low and 2 high speed ratio and including a
friction engaging means for completing the high speed
ratio, a fluid pressure motor for engaging each of said
engaging means, a source of fluid pressure adapted to
be connected to said motors, a first shiftable valve effec-

“tively between said fluid pressure source and said change-

speed unit and a second shiftable valve effectively be-
tween said fluid source and said second change-speed
unit, each of said valves having low and high speed
positions in the latter of which the valves are effective

to connect said fluid source with said respective fluid

motor, hydraulic governor means for controlling the
shifting of said shiftable valves and driven by said driven
shaft, said governor means including first and second
governors providing a fluid pressure that varies with the

speed of said driven shaft, said first governor being con-.

nected with said first valve for shifting the valve and
said second governor being connected with said second
valve for shifting the latter valve, and means for effec-
tively connecting said second -governor with said first
valve and controlled by said second valve whereby the
fluid pressure from said second governor is effective to
shift said first shiftable valve to its high speed position
after said second shiftable valve has previously been
shifted by ‘said governor pressure to its high speed posi-
tion.

25. In a transmission, the combination of a drive shaft,
a driven shaft, means providing a plurality of speed ratios
between said shafts, - hydraulic means for shifting the
transmission - between its - various speed -ratios and  in-
cluding a shiftable valve. having a position correspond-
ing to each of the speed ratios, hydraulic governor means
driven by one of said shafts and applying a fluid pressure
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that varies in accordance with the speed of the shaft to
said shiftable valve for shifting the valve from a lower
speed ratio position to a higher speed ratio position, and
hydraulic means exclusive of said governor means for
yieldably holding said shiftable valve in its higher sspeed
ratio position and -including unbalanced areas on said
shiftable valve to which fluid under pressure is applied
in the high speed ratio position of the valve.

26. In a transmission, the combination of a drive
shaft, a driven shaft, gearing for providing a plurality of
speed ratios between said shafts and including a fric-
tion engaging means for completing a high speed ratio
between the shafts, a fluid pressure responsive motor for
engaging said engaging means, a source of fluid pressure,
means for shifting the transmission between its various
speed ratios and including a shiftable valve having a
position corresponding to each of the speed ratios and in
a high speed ratio position connecting said fluid pressure
source and said fluid motor, hydraulic governor means
driven by said driven shaft and applying a fluid pressure
to said shiftable valve which fluid pressure varies in ac-
cordance with the speed of the driven shaft for shift-
ing the valve from a low ratio position to said high ratio
position, and means exclusive of said governor means
for yieldingly holding said shiftable valve in its high ratio
position and including unbalanced areas on the valve
which are exposed to the fluid pressure being applied by
the valve to said fluid pressure motor.

27. In a transmission, the combination of a drive shaft,
a driven shaft, gearing providing a low and a high speed
ratic between said shafts and including a friction engag-
ing means which is engaged to complete the high speed
ratio, a fluid pressure motor for engaging said friction
engaging means, a source of fluid pressure, means for
shifting the transmission between its low and high speed
ratios and including a shiftable valve having a position
corresponding to each of said speed ratios, said shiftable
valve in its high speed ratio position effectively. connect-
ing said pressure source with said fluid motor, hydraulic
governor means driven by said driven shaft for applying
a fluid pressure on said shiftable valve tending to shift
the valve from its low ratio position to its high ratio posi-
tion which pressure varies in accordance with the speed
of said driven shaft, a spring acting on said shiftable
valve and tending to shift the valve from- its high ratio
position to its low ratio position, and means exclusive
of said governor means for yieldably holding said shift-
able valve ‘in its high ratio position and including un-
balanced areas on said valve which are in communica-
tion with said motor when the valve is in its high ratio
position whereby the valve remains in its high ratio po-
sition until the speed of the driven shaft drops below the
speed at which said governor means are effective to shift
the valve into .its.high ratio position.

28. In a transmission, the combination of a drive
shaft, a driven shaft, means providing a plurality of power:
trains of different speed ratio between said shafts, a shift-
able member for shifting said last-named means between
its various speed ratios, a governor driven in accordance
with the speed of one of said shafts effective to apply a
force on said shiftable member for shifting the member,
and a selectively operable member for controlling the
force applied by said governor and effective to reduce the
force applied by said governor on said shiftable mem-
ber by a predetermined amount and to maintain this
predetermined amount of reduction regardless of the
speed of said one shaft for thereby increasing the speeds
of said last-named shaft at which the shiftable member
is shifted.

29. In a transmission for an automotive -vehicle, the
combination of a drive shaft, a driven shaft, means for
providing a plurality of power trains of different speed
ratio between said shafts, means for shifting the trans-
mission between its various speed ratios and including a
shiftable member having a position corresponding to each
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of the speed ratios, a governor responsive to the speed of
said driven shaft and arranged to apply a force on said
shiftable member tending to shift it which varies in ac-
cordance with the speed of the driven shaft, an accelera-
tor for the vehicle, and means for reducing the force
applied by said governor means on said shiftable mem-
ber by a predetermined amount and for maintaining this
predetermined amount of reduction regardless of the
speed of said driven shaft thereby increasing the speed
of the driven shaft at which the shiftable member is shift-
ed to provide an increase in speed ratio in the transmis-
sion, said last-named means being under the control of
said accelerator for so reducing the pressure applied to
the shiftable member when the accelerator is moved to an
open throttle position.

30. In a transmission, the combination of ‘a drive
shaft, a driven shaft, means providing a plurality of power
trains of different speed ratio between said shafts, means
for shifting the transmission between its various speed
ratios and including a shiftable member having a posi-
tion corresponding to each of the different speed ratios,
hydraulic governor means driven by said driven shaft
for applying a fluid pressure to said shiftable member for
shifting the member with the fluid pressure varying with
the speed of the driven shaft, and selectively operable
means for reducing by a predetermined amount the fluid
pressure applied by said governor means on said shift-
able member and for maintaining this predetermined
amount of reduction regardless of the speed of said
driven shaft thereby increasing the speeds of the driven
shaft at which the shift member is moved to increase the
speed ratio through the transmission.

31. In a transmission, the combination of a drive shaft,
a driven shaft, means providing a plurality of power
trains of different speed ratio between said shafts, means
for shifting the transmission between its various speed
ratios and including a shiftable valve having a position
corresponding to each of the speed ratios, hydraulic gov-
ernor means driven by said driven shaft for applying a
fluid pressure on said valve which varies in accordance
with the speed of the driven shaft for shifting the valve
to a higher speed ratio position, spring means for oppos-
ing such movement of said shiftable valve, and valve
means under the control of said accelerator for reducing
by substantially a predetermined amount the fluid pres-
sure from said governor means applied on said shiftable
valve and for maintaining this predetermined amount of
reduction regardless of the speed of said driven shaft
when the accelerator is moved to an open throttle kick-
down position thereby increasing the speeds of the driven
shaft at which the valve is shifted to provide a power
train of increased speed ratio.

32. In a transmission, the combination of a drive shaft,
a driven shaft, means for providing a plurality of power
trains of different speed ratio between said shafts, means
for shifting the transmission between its various speed
ratics and including a shiftable member, governor means
driven in accordance with the speed of one of said shafts
for exerting a force on said shiftable member for shift-
ing the member to a higher speed ratio position, and
means selectively operable for maintaining the force ex-
erted by said governor means at a predetermined maxi-
mum value less than the force necessary to move said
shiftable member to its high speed ratic position thereby
inhibiting movement of the shiftable member to its high
speed ratio position.

33. In a transmission for an automsetive vehicle, the
combination of a drive shaft, a driven shaft, means for
providing a plurality of power trains of different speed
ratio between said shafts and including a high speed
ratio and a low speed ratio, means for shifting the trans-
mission between its various speed ratios and including
a shiftable member having a position corresponding to
each of the speed ratios, governor means driven by said
driven shaft and effective to exert a force on the shift-
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able member which varies with the speed of the driven
shaft, an accelerator for the vehicle, and means under
the control of the accelerator for maintaining the force
applicable by said governor means on said shiftable mem-
ber at a certain maximum value less than the force nec-
essary to move said shiftable member to its high speed
ratio position when the accelerator is moved to an open
throttle kickdown position thereby inhibiting said shift-
able member from being moved into its position corre-
sponding to said high speed ratio and preventing opera-
tion of the transmission in said high speed ratio.

34. In a transmission, the combination of a drive shaft,
a driven shaft, means providing a plurality of power trains
of different speed ratio between said shafts and jnclud-
ing a high speed ratio power train, means for shifting
the transmission between said speed ratios and including
a shiftable member having a position corresponding to
each of the speed ratios, hydraulic governor means driven
by one of said shafts and effective to apply a pressure on
said shiftable member tending to shift the member to-
ward its higher speed positions which pressure varies ac-
cording to the speed of the driven shaft, and means for
selectively maintain the pressure applied by said hydraulic
governor means on said shiftable member at a predeter-

; mined maximum value less than the pressire necessary

to move said shiftable member to its high speed ratio
position which inhibits the shiftable member from be-
ing moved to jts high speed ratio position.

35. In a transmission, the combination of a drive shaft,
a driven shaft, means providing a plurality of power
trains of different speed ratio between said shafts, hy-
draulic means for shifting the transmission and includ-
ing a shiftable valve having a position corresponding to
each of the speed ratios, hydraulic governor means driven
by said driven shaft and applying a force on said shift-
able valve for shifting the valve from a low speed ratio
position to a high speed ratio position which force varies
in accordance with the speed of the driven shaft, spring
means for opposing such movement of the shiftable valve,
and valve means under the control of the accelerator for
maintaining the fluid pressure applied by said governor
means on-said shiftable valve at a predetermined maxi-
mum value less than the pressure necessary to move said
shiftable valve to its high speed ratio position which
inhibits the shiftable valve from being moved by the
governor pressure to the high speed ratio position of the
valve.

36. In a transmission, the combination of a drive shaft,
a driven shaft, means for providing a power train be-
tween said shafts and including an engaging means for
completing the power train when engaged, said engag-
ing means being capable of gradual engagement, speed-re-
sponsive means responsive to the rotation of cne of said
shafts for causing a gradual engagement of said engaging
means and a complete engagement thereof on the speed
of the one shaft reaching a predetermined value, and
selectively operable means operatively associated with
said engaging means for more gradually engaging the
engaging means by delaying the engagement of said en-
gaging means until the speed of said one shaft is greater
than said predetermined value.

37. In a transmission for an automoiive vehicle hav-
ing a steering wheel, the combination of a drive shaft,
a driven shaft, means for providing forward and reverse
power trains between said shafts each of which includes
a friction engaging means for completing the power
train when engaged, a fluid pressure motor for operat-
ing each of said engaging means, a source of fluid pres-
sure adapted to be connected to either of said motors,
means responsive to the speed of said drive shaft for
regulating the pressure applied from said fluid source
to either of said motors for increasing the pressure as
the shaft speed increases, and a valve for effectively con-
necting said pressure source with either of said engag-
ing means and actuated by means of a lever disposed




2,711,658

33

immediately beneath the steering wheel of the vehicle,
said valve and lever having neutral and forward and
reverse drive positions, said valve being formed with
bleeder passages -therein which' drain a portion of the
fluid applied to either of said motors when the valve
is shifted midway between its neutral position and either
its forward or reverse positions.

38. In a transmission, the combination of a drive shaft,
a driven shaft, means for providing forward and reverse
power trains between said shafts and each comptising a
friction engaging means which when engaged completes
the respective power train, speed responsive means for
controlling the engagement of either of said engaging
means whereby for engaging either of the engaging means
at predetermined speeds of said drive shaft, and means
for ‘selectively rendering . either of said power trains
cperative and including a control member having 2 neu-
tral and forward and reverse positions, and means for
modifying the action of said speed responsive means and

being under the control.of said member whereby when 2.

the member is shified midway between its neutral and
either its forward or reverse positions it causes the re-
spective friction engaging means to be. engaged at a
higher speed of said drive shaft.

39. In a transmission, the combinaticn of a drive
shaft, a driven shaft, means for providing a-power train
between said shafts and including an engaging means for
completing the power train when engaged, a fluid pres-
sure motor Tor engaging said engaging means, a source of
fluid pressure adapted to be connected to said motor for
engaging the engaging .means and comprising a pump
driven by. said: drive shaft, a second source of fluid pres-
sure adapted to be connected to said motor and com-
prising a pump driven by said driven shaft, means com-
prising a speed résponsive valve for regulating the pres-
sure from said first-named fluid source and applied to
said motor accerding to the speed of said drive shaft when
said driven shaft is inoperative, and a valve for selectively
rendering said speed responsive valve ineffective whereby
said driven shaft pump may be utilized for engaging said
engaging means when said drive shaft pump is not opera-
tive, -

40. In a transmission, the combination of a drive shaft,
a driven shaft, means for providing a power train be-
tween said shafts and including a friction engaging means
which when erngaged completes the power train, a fluid
pressure motor for engaging said engaging means a
source of fluid pressure including a pump driven by said
drive shaft and adapted to be connected with said motor,
‘a centrifugal valve -operated by said drive shaft and ef-
fective to regulate the fluid pressure applied to said pres-
sure motor for regulating the engagement of said en-
gaging means, a pump driven by said driven shaft and
also effective for supplying fluid under pressure to engage

said engaging means, and a selectively operable valve in 59

series  with said cenirifugal valve:for preventing escape
of fiuid through the centrifugal valve whereby said pump
driven by the driven shaft may be solely operable to en-
gage said engaging means when said drive shaft is in-
operative.

41, In a transmission, the combination of a drive shaft,
a driven shaft, means for providing a power train between
said shafts and including a friction engaging means for
completing the power train when engaged, a fluid motor
for engaging said engaging means, a source of fluid pres-
sure adapted to be connected to said motor, means for
regulating the fluid pressure applied to said motor to in-
¢rease with the speed of said drive shaft and having a fluid
discharge therefrom, and means for directing the fluid
discharged from said last-named means on to the friction
surfaces of said engaging means for cooling the engag-
ing means.

42. In a transmission, the combination of a drive shaft,
a driven shaft, means for providing a power train be-
tween said shafts and including a friction brake for com-
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pleting the power. train when engaged, a fluid pressure
motor for engaging said friction brake, a source of fluid
pressure adapted to be connected with said motor, means
for regulating the fluid. pressure from said source and
applied to said motor to.increase the pressure and there-
by increase the engagement of said brake as the drive
shaft increases in speed, said last-named means having a
fluid discharge, said brake comprising a brake band
having grooves in its internal surface, and means for con-
necting the discharge from said last-named means with
the grooves in said brake band for cooling the brake.

43, In :a transmission, the combination of a drive
shaft, a driven shaft, means for providing a power train
between said shafts and including a friction engaging
means for completing the power train when engaged, a
fluid pressure responsive motor for engaging said friction
engaging means, a source of fluid pressure adapted to be
connected to said motor, means for regulating the pres-
sure of fluid applied to said motor in -accordance with
the speed of said drive shaft to increase the fluid pres-
sure as-the drive shaft speed increases and including a
centrifugal valve mechanism' driven by the drive shaft,
said valve mechanism having a fluid discharge, and means
for directing the discharge of said valve mechanism on to
the friction surfaces of said friction engaging means
for cooling the surfaces. . .- L

44, In a transmission, the combination of a drive shaft,
a driven shaft, means for providing a power. train be-
tween said shafts and including a friction brake for com-
pleting the power train when engaged, a fluid pressure
motor for engaging said friction brake, a source of fluid
pressure adapted to be connected to said motor, means
for regulating the fluid pressure applied to said motor in
accordance  with the speed of said “drive shaft for in-
creasing the pressure as the drive shaft speed increases
and including a cenirifugal valve having a fluid dis-
charge, said brake comprising a brake drum and a brake
band fitting about said drum, said band being provided
with circamferential grooves in its inner surface, means
forming a fluid trough at the ends of said band in com-
munication with said grooves, and means. for connect-
ing the discharge of said centriftigal valve mechanism
with said trough -for supplying fluid to said grooves for
cooling the brake.

45. In a transmission, the combination of a drive shaft,
a ‘driven shaft, means for providing a power train be-
tween said shafts and including a friction brake for com=
pleting the power train when'engaged, and means for en-
gaging said friction brake in:accordance with -the speed

I of said ‘drive shaft and including a fluid pressure motor

for engaging the brake, a pump. driven by said drive. shaft
and connected with said motor, and means providing an
orifice for relieving the fluid pressure on said fluid motor
and establishing a pressure in said fluid motor which in-
creases with an increase in the speed of said drive shaft.

46. In -a transmission, the combination of a' drive
shaft, a driven shaft, ‘means providing a power train
between said shafts and including a friction brake for
completing the power train when engaged, and means for
engaging said brake in accordance with the speed of said
drive shaft and including a fluid pressure motor for en-
gaging the brake, a pump driven by said drive shaft
and connected to apply pressure to said motor, and means
providing a sharp edge orifice also connected with said
pump for bypassing the output of the pump and estab-
lishing a pressure in said fluid motor which increases
with an increase'in the speed of said drive shaft. .

47. In a transmission for an automotive vehicle hav-
ing a driving engine with an intake manifold the pres-
sure in-which varies with the torque transmitted by the
engine, the combination of a drive shaft adapted to.be
driven by the engine, a driven shaft, means for provid-
ing power trains between said shafts of different speed
ratios and each power train. including a fiuid pressure
operated friction engaging means for completing the
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train, a fluid reservoir, a pump driven by said drive shaft
and connected to draw fluid from said reservoir and con-
stituting a pressure source selectively connectible with
said friction engaging means for engaging said latter
means, means defining a fixed size orifice connected
with said pump and bleeding off the fluid discharged by
the orifice into said reservoir for thereby relieving the
fluid pressure output of the pump and causing the pres-
sure discharged by the pump to increase according to
the drive shaft speed at low speeds of the drive shaft
for initially engaging one of said engaging means for a
low speed drive in accordance with the speed of said
drive shaft at low speeds of the shaft, and a pressure
responsive valve connected with the intake manifold of
the driving engine so as to be responsive to. pressures
therein for relieving the fluid pressure discharged by said
pump for providing an engine torque responsive engage-
ment of the other friction engaging means for a higher
speed ratio drive between said shafts.

48. In a transmission for an automotive vehicle hav-
ing a driving engine with an intake manifold the vacuum
in which varies with the torque transmitted by the engine,
the combination of a drive shaft adapted to be connected
with the engine, a driven shaft, means for providing power
trains between said shafts of different speed ratios and
each power train including a fluid pressure operated fric-
tion engaging means for completing the train, a common
fluid pressure source for said friction engaging means
including a pump driven by said drive shaft and drawing
fluid from a reservoir, means for controlling the pres-
sure of said source in accordance with the speed of said
drive shaft for engaging one of said engaging means
accordingly and including a fluid flow restricting means
hydraulicaily connected with the output of the pump and
discharging fluid into the reservoir, and a valve con-
trolled in accordance with the vacuum in the manifold
of the driving engine and connected in parallel with said
fluid flow restricting means for thereby controlling the
fluid pressure of said source in accordance with the pres-
sure in the manifold and thereby according to. engine
torque at higher speeds of the drive shaft for providing
an engine torque responsive engaging of the other fric-
tion engaging means for a higher speed ratio.

49. In a transmission for an automotive vehicle hav-
ing a driving engine with an intake manifold the pressure
in which varies with the torque transmitted by the engine,
the combination of a drive shaft, a driven shaft, means
for providing a plurality of power trains of different
speed ratios between said shafts, means for changing the
transmission between its various speed ratios and includ-
ing fluid pressure engaged engaging means completing
the various speed ratios and a control member having
a position. corresponding to each of the speed ratios and
shiftable between its positions to cause the speed ratio
changes, a source of fluid pressure, means for applying
said fluid pressure to said control member for shifting
the member from one of its said positions to another,
and means to apply pressure from said source to a
different one of said engaging means when said ‘control
member is shifted, and means connected with said intake
manifold for regulating the pressure of said fluid source
applied to said control member for shifting it between
its various positions, and for varying the torque trans-
mitting capacity of the engaging means in accordance
with the pressure within said manifold.

50. In a transmission for an automotive vehicle hav-
ing a driving engine with an intake manifold the pressure
in which varies with the torque transmitted by the engine,
the combination of a drive shaft, a driven shaft, means
for providing power trains of different speed ratios be-
tween said shafts, means for changing the transmission
between its various speed ratios and including a shift-
able control member having a position corresponding
to each of the speed ratios, a source of fluid pressure
including a pump adapted to be connected to said shift-
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able control member for shifting the control member in
one direction, means for regulating the pressure of the
fluid from said pump and applied to said shiftable con-
trol member in accordance with the manifold pressure
and iacluding a regulating valve connected with said
manifold and controlled by the pressure therein, and
governing means driven by said driven shaft for applying
a force to said shiftable control member tending to shift
the control member in the opposite direction which force
varies in accordance with the speed of the driven shaft.

51. In a transmission for an automotive vehicle hav-
ing a driving engine with an intake manifold the vacuum
in which varies with the torque transmitted by the engine,
the combination of a drive shaft, a driven shaft, means
for providing a power train between said shafts and in-
cluding a friction engaging means for completing the
power train when engaged, means connected with said
manifold and responsive to changes in vacuum in the
manifold for applying an engaging pressure to said en-
gaging means that varies according to changes in vacuum
in the manifold, said last-named means including a pres-
sure responsive motor connected with the manifold
and responsive to changes in vacuum in the intake mani-
fold, and means for limiting the effectiveness of said
means on said engaging pressure so that the highest
values of vacuum in said intake manifold above a pre-
determined value are ineffective to change the engaging
pressure supplied by said means so that the engaging pres-
sure is maintained at least at a minimum predetermined
value.

52. In a transmission for an automotive vehicle having
a driving engine with an accelerator and with an intake
manifold the pressure in which varies with the torque
transmitted by the engine, the combination of a drive
shaft, a driven shaft, means for providing a power train
between said shafts and including a friction engaging
means for completing the power train when engaged,
means connected with said manifold and responsive to
the pressure in the manifold for engaging said engaging
means and for applying an engaging pressure which varies
according to the pressure in the manifold, said last-named
means including a source of pressure and a regulating
valve for regulating the pressure of the source and a
pressure responsive diaphragm effective on said regulat-
ing valve and-connected with the manifold of the driv-
ing engine, and means for limiting the effectiveness of the
manifold vacuum with respect to said valve so that
higher values of vacuum in said intake manifold above a
predetermined value and corresponding to closed throttle
positions of the vehicle accelerator are ineffective on
the valve and cause no changes in the engaging pressure
of said friction engaging means for thereby limiting the
engaging pressure on said friction engaging means to
at least a minimum value.

53. In a transmission for an automotive vehicle hav-
ing a driving engine, the combination of a drive shaft,
a driven shaft, means for providing a power train between
said shafts and including a fluid pressure engaged fric-
tion engaging means for completing the power train when
engaged, a pump supplying fluid under a predetermined
pressure to a fluid pressure line, valve means for con-
necting said friction engaging means and said pump
pressure line for maintaining said friction engaging means
under said predetermined pressure to maintain the en-
gaging means engaged for completing the power train,
and means under the confrol of said valve means and
acting directly on said fluid pressure line for temporarily
decreasing the pump output pressure when said valve
means is moved to connect said friction engaging means
and said pump.

54. In a transmission for an automotive vehicle hav-
ing a driving engine, the combination of a drive shaft,
a driven shaft, means for providing a power train be-
tween said shafts and including a friction engaging means
for completing the power train when engaged, a fluid
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pressure responsive motor for: engaging said - friction
engaging means, a pump supplying fluid under a pre-
determined pressure to a fluid pressure line, a valve for
connecting ‘said pump pressure line and said motor for
maintaining - said predetermined pressure applied to said
motor for maintaining said engaging means engaged,
and means under the control of said valve and: acting
directly on said- fluid pressure-line for temporarily de-
creasing the pump. output pressure when the valve is
moved to connect said pump and said motor for reducing
the initial applied force of said engaging means to pro-
vide an initial slip- of the engaging means.

55. In a transmission for an automotive vehicle hav-
ing a driving engine, the combination of a drive shaft,
a driven shaft, means for providing a power train be-
tween said shafts and including a friction engaging means
for. completing the power: train-when engaged, a fluid
pressure - responsive motor for- engaging. said friction
engaging means, a source of fluid under pressure, a regu-
lator valve for maintaining said source at a predetermined
pressure, a selector valve having a first position in which
“ it connects said pressure source and said motor for main-

taining said predetermined pressure applied to said motor
for maintaining said engaging means engaged and having
a second position in. which it disconnects said pressure
" source and motor, and means under the control of said
selector - valve for applying a force- on said regulator
valve during movement of the selector valve between
its said second and first positions for temporarily decreas-
ing the pressure of said source as applied to said selector
valve and said motor giving the engaging means an
initial slip. ’
56. In a transmission for an automotive vehicle hav-
ing a driving engine, the combination of a drive shaft,
a driven shaft, means for providing a.power train be-
tween said shafts and including a. friction engaging
means for completing the power train when engaged, a
fluid pressure responsive motor for engaging said en-
gaging means, a source of fluid pressure adapted to be
connected with said motor, a regulating valve for regu-
lating the fluid pressure of said source to a predetermined
value, a piston adapted to be effective on said regulat-
ing valve, a selector valve having a first position in
which it connects said pressure source with said motor
for applying said predetermined pressure: on said motor
and maintaining the engaging means engaged and having
a second position in which it disconnects said pressure
source and motor, and conduit means controlled by
said selector valve for connecting. said source and said
piston temporarily at an intermediate position. of said
selector valve between its said second and first positions
for applying the pressure -of said source on said piston
and for thereby decreasing the pressure of the source
applied to said motor for causing the engaging means
to become engaged at a lower fluid pressure and with an
initial slip as said selector valve is moved from its said
second position to its-said first position.
57. In a transmission for an automotive vehicle having
a driving engine, the combination of a drive shaft, a
driven shaft, means for providing a plurality of power
trains between said shafts each including a friction en-
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gaging means for completing the power train when en-

gaged, a source of power for providing a pressure for
both of said engaging means for engaging both of said
engaging means, means for changing the transmission
from one speed ratio to another speed ratio by engaging
one of said engaging means and disengaging the other and
including a control member having a first position corre-
sponding to one of said speed ratios and a second position
corresponding to the other of said speed ratios, and means
under the control of said contrcl member for temporarily
reducing the potential of said power source when said
control member is moved from its first position . toits
second position for reducing temporarily the pressure of
engagement of the friction engaging means being engaged.

58, In a transmission for an automotive vehicle having
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a driving enginé with a fuel intake manifold the pressure in
which varies. with the torque transmitted by the engine,
the combination of a drive shaft, a driven shaft, means for
providing a plurality of power trains between said shafts
each including a friction engaging means for completing
the: power train when engaged, a fluid pressure motor for
engaging each of said engaging means, a source of fluid
pressure connectible with said motors, a regulating valve
connected with said manifold so as to be operated by the
pressure - therein for - regulating. the - pressure of said
source, a selector valve for changing the transmission from
one of its speed ratios to the other of its speed ratios by
applying fluid pressure to one of said motors from said
source while draining the other motor of fluid under pres-
sure, and means  controlled by said selector valve for
applying a fluid pressure on said regulating valve during
the movement of said selector valve between its posi-
tions for temporarily reducing the pressure of said pres-
sure source for allowing an initial slip of the engaging
means being engaged on a change in the speed ratio of the
transmission. ) .

59. In a transmission, the combinaticn of a drive shaft,
a driven shaft, means for providing a power train between
said shafts which includes a friction engaging means for

5 completing the power train when engaged, a fluid pres-

sure motor for operating said engaging means, a source
of fluid pressure adapted to be connected to said motor,
means responsive to the speed of one of said shafts for -
regulating the pressure applied from said fluid source to
said ‘motor for increasing the pressure as the shaft speed
increases, and a valve for effectively connecting said pres-
sure source with said engaging means and having a neu-
tral position for breaking said connection and an active
position’ for making said connection, said valve being
formed with a bleeder passage therein which drains a por-
tion of the fluid directed to said motor when the valve is
shifted to a position between its said neutral and active
positions.
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